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. PREFACE 

pa^C ^chines is written as a reference for enlisted n|^n in the 
Navy whuB^^ duties req.mre knowledge of the fundi^nWtals of machinery. 

Beginning' with the siwiplest of madhines-the levef\thfe book proceeds 
with the dlsoussiqn^f block and tackle, wheel^nd axle, inclined plane, 
scAw and gears. It ekplains t|ie concepts of work and power^ and dif- 
ferentiates betwefn the terms "fdrcoiLand '■pressure. " Th6 fundamentals 
oTTiyBf ostatic a^id hydraulic ' niechahis ms ar C diSGusSed iTfi di^ll. The 
^inal chapters include several 'eKamples of ^the dbmbination of simple 
mechanisms to make complex machines. 

As one, of several basic Navy Traimng Courses, this took was pre- 
pared by tbe Education aiicl Training Support Service, Washington, D.C.,, 
for tfik Chief of Naval Ptrsoimer. ' ^ 
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THi UNITiD SfATES NAVY 



GUARDIAN OF OUR COUNTRY 

Th« UnitM itato^^a^ is rtt^niiblt for maintaining control of thji st 
and is a ready fdret on witch at homt and overitas, cipablt of itron 
a^ion to preserve the ptace or of instint offensivt action to win in wf rJ 



I- 

It IS upon the rriainttniihca of this control that our country's glotiou/ 
future depends; the United States Navy eKists to m^e it so, 

f ^ ^ 

Wl $f RVi WITH HONOR 

Traditipn, valor, and victory are the Nivy'i heritafe f rom %he past. To 
thm fnky be added dedi^tion, discipline, and vigilance m the watchwordi 
of the piesent and the futur^. 

'At home or on distant statics we serve with pride, confident in the respect 
of our coMfitrf , ©urihipmaies, and our familrts. 

Our responsibilities soter us; our adversities strengthen us^ 

Service to God and Country is our special privilege. We serve with honor. 

THi PUTUIli 0<F THi NAVY 

The Navy wiA always employ new weapons, new techniques, and 
greater power to protect and defend the United States on the sei, under 
the sei, and in tt»e air. . " . ' " 



Now and in the future, control of the sea gives the Unfted States her 
greatest advantage for the miintenance of peace and for victory in war, 

Mobility, surp^seldispersal. and off ensivr power are the kiynptet of 
the new Navy. Lhe roots of the Nevy lie in a strong belief in tbi 
future, in continuid dedication to our tasks, ,and in reflection on ^ur 
heritage from the past. ' ^ 

Never hav^four opportunities and our responsibiiitiei been greater. 
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CHAPTER 1 



LEVERS 



.YOUR HILPERS 

^ I \ 

h^v% evolvid through the ages f r^m ^ 
criidf rafts to hika complex crmseri and 
cwrieri of today's It was a long sttD 

'^om oars to salli, anSUnother long step f romX 
to rteam. W ith to day',! moder ij^cl e^r - 



• ^€rwered jihipi andther loi|| step has Been taken/ 
Eich^ttip in the ^rogresi of ihlpbutldttighas in- 
volved the use of mori and more machlneSp until 
today^s Navy men are ipeckllsts in operating and 
iialntalning machinery. TheBoatswaln operates 
the wlMhef to hdiit cargo and the anchor j the 
men in ^e engine roon* operate pumpSp valves, 
gefierator^V^^nd other machines to produce and^ 
co^rol the -ship*f power; men In the weapons 
departtnent pperate shell hoists and rammers; 
el^^te aini train the guns and missile launcher s,^ 
the cooks opwate m&ers anH can opener^; men 
in the*CB rates'drlve trucks^ operate cranes, 
^graders, aAd bulldozers^jyn fact it^is safe to 
say . eVery, rate In the mky uses machinery 
some ttine during the day's work. ^ 
^ ^ach machine ustci aboard ship has made 
the physical ^ofk loai of the crew llghttfr. You 
aon't ¥«lk the oapstan to raise the anchor , or 
'heave on a Mne to-4lJhg cargo a^pard. ^ Ma- 
^\ehtrtes havf t^kta'^-OVe]^ these jpbs, Und have 
VslfapllflW'.ahd miid'e 'Countless othem easier. 

Mchines arf'.yfat^ >frtends. They have taken 
' inuch o; the* lictoch^nd drudgery out^o^ a 
sailor's life. ^ .^rfading^s book should aelp 
you recognize and ^understand the operations 
of mgny ^f ^he ni^lifei you see about you, 
I y ... u ^ ^ 



WH^T IS 



HINE? 



I 



L As you Jook about ' you, you probably ^ 
haff a iolen macMhe^tl^t you dori4 Mcognfee 
as such. Ordinarily you think of a machlnS 
as, a complex ^ev^^a^ gasoline' engine or, a 
typewriter. THey ^ve machines, tnt so^is a. 



hammer, a screwdriver, a chip's ^eeL A 
machine is^ any device that helps you t® do 
work.^ It n^y help by changing tlw amount of 
the forge or ^peed of action. Fpr fej^mple, 
a claw hammer Is a machine— you can liae it to 
apply li large force for pulIhSt oulfc a nailp A 
relatively small pull on- the handle produces a 
mueh greiter force at^ht^efirwr : — — 

We use machinis to TRANSFORM energy. 
For emmple,. a generator tfansforms me- 
chanical energy Into electrical tnergy. We uie 
machines to TRANSFER energy fr9m one place 
to another. For eMmple. the connecting rods, 
crankshaft, drive shaft, and rear axle transfer 
energy frpm the autoAiobUe engine to the rear 
wheels. ' \ 

Another use of machines Is ro MULTIPLY 
FORCE. We use % system of pulleys (a chain * 
hoist for example} to lift a heavy load. The 
pulley system enablBs uM to raise ihe^Ioad.by 
exert^g .a force which Is smaller than* the 
weight of the* load. We must exert this foi\pe 
over a greater distance than the height through 
which the iMd Is raised; thui, the load rnQves 
more slowly than the chain on ^Ich we' pulL 
A machine enables us to gain fcrj^ce, but ortly 
at the expense of speed,. ^ 
. Machines mky also be used, to MULTIPLY 
^PEED. The best example of tWsisfhfe bic,ycle,^ 
by which we gain speedvby gicerting a greater 

Machines are also ^^%o CHANGE j^ED^^ 
R^ECTION pF A FORCE. For es^mple, tlte 
alg^ialman^, halyard :enables one end of the 
line>to ex»t an -Xipvmrd forc# on a signal flag' 
ar)a downward force is exerted on the other 

Thfere are only" six, slI^W^ machines— the ' 
KfiVER, the BLOCK, the .OTIEEL andAXLE, the^ 
&CL1NED pEanE, the SCRlWpVartd the GEAR. 
However^ physicists r,ecognlze ttiat there are 
only two basic principles tri machlnt i; ^lely, 
the^lever and the tnglinyd plane. The wh'eel and 
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BASIC kACHINES 



*txle^ the block and taclde, aad gea^s may be 
considered Itveri, Th# wedge and the screw 
use the principle of the incUn€fplane. 

When you are familiar with the principles 
of these simple machines,^ you can readily 
understand toe operatiari of comblex machines. 
Complex machines ^re merely combinations, 
of two or more simpLe machines J ' ^ 

THE LEVER ' ^ 

^ The simplest machine, and perhaps "tiie one * 
with which you are most flmlllar, is the LEVER/ 
A seasaw is a familiar ^example of a 4eyer in 
which one weight balances the other. 

There are three basic parts which youvwill 
find in all levers; namely, the FULCRUM (F), 
a force or EFFORT (E), and a RESISTANCE 
<R). * Look at the lever in figure 1-1. You see 
the pivbtai point F (fulcrum); the EFFORT (E) 
which you apply at a distance-^ from the fQl- 
erum; an4 a reaistance (R) which acts at^a dis- 
tance a "Brom the fulcrum. Distances A and a* 
^re the l%ver arms. • 

CLASSES OF LEVERS . . ^ ' 

The three classes of Severs are shown in 
figure 1-2. The location of*the fUlcrum (the 
fixed or pivot pbint)^ with. refraTOn^tq the re- 
sistance (or weight) and thei%fort determines 
the lever class. 



^he amount of weight and the distance from 
the fulcrurt c4n be varied to suit the need, . 
^mther good^ ejmmple is the cfers In row- ; 
brfat. Notice that the sailor in rlgure 1-3 app 

yplies his efert on the^handlii of the bafsj^ Th|b 
darlpck acts as the fulcrum, and the ^ter ^gfs 
f a th§ resistance^o be Qvetdome. In this casf , 
as in figure 1-1, the force is'^pli^on one side 

,*of the fulcrum and the resis'^nce to be over- 
come is applied to the Opposite side, h^ce thii 
is a first-class levelr) Crowbars^ shear^, and 
pliers are common examples of this class of 



lever. 




Second-Class Levers 

f he , second-class lever (fig. 
fulcrurp at one end; the efifort i| 
other end. The resistance is somev^hl 
tween these points. The wheelbarrow in figure 
1-4 is a good example of a second-class lever. 
If you apply 50 pounds of effort to the handles 
of a wheelbarrow4 feet from the fulcrum (wheel)j 
yrfu can lift 200 pounds of weight * foot fropi tht/ 
{ulcrum. If tiie load were placed farther back 
away from the wheel, would it be easier br hardpi* 
to lift? , , ^ - ^ ' ' 

Both firsts' ariB second-clas^levers are 
conlmonly used to help in - overcoming hif 
resistances with a relatively small effort. 



First-Clasd Levers 



In nhe^ first-class lever (fig. 1-2A), the / F 
fulcrum ^is located betv{een the effort ajidntre^"^ ▼ 
resifitance. Am mentioned earlier, 'the seesaw ^--^^ 
is a good exaoiple'of the first-class' lever. 

' \ ' ' FUUCRL 



FULCRUM 



A, CLASS 1 LEVER 



WilGHT 



EFFORT, 
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Figure 1-1, --A simple lever. 



FULCRUM 



WEIGHT v».. 

|. CLASS 2 LEVfiR 

* y EFFORT 



1 



C. CLASS 3 LEVER 



5.30 



Figure Three classes of levers. 
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Figure 1-3.— Oars are levtra^ 



Thlrd-Ciaas Levers 

^There are occasions when you will want to 
speed up the movement' of the reaistance even 
though ypu have to use a large amount of effort. 
Levers that help you accomplish this^ are 
third-clasi levers. As shown in fifure i-SC^ 
the ^ierum is at one end of the lever and the 
weight or reaistance to be overcome is at the 




13L3 



rigure U4*--Thii*makes it easier. 



other f nd, with the effort applied at some point 
between. You canalways spot third- clais levers 
because you will find the effort .applied between 
the fulcrum and the reaistance* Look at figure 
1-5. It is easy to see that w^lle poiiit E is 
moving the short distance e, ttie resistance R 
has been moved a greater distance r. The speed 
of R must have been greater ihan that of E, 
since R covered a greater distance in the same 
length of time* 

Your arm (fig. 1-6), is a t^ird- class lever. 
It Is this lever ^ action that makes it possible 
for you to flex your arms so quickly. Your 
elbo^ is the fulcrum* Your biceps muscle^ ^ 
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Figure^-5.-A third-class Itver. 
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BASIC MACaiNES a 




Figure l-fl.^Your arm Is a lever. 



^ieh Has onto-your forearm about an inch be- 
low the elbow, appliei the effort; and your hand 
is the resistance, located some 18 inches from 
the fulerum. In the split second it takes your 
biceps muscle to contract an inch, your hand 
has moved through an 18-inch arc. You imow 
from eJiperienee that it takes a big pull at E to 
overconie a relatively small resistance at R.* 
Just to remind yourself of this principle, try 
closing a door by pushing on It about three 
orxfour Inches from the hinges (fulcrum). The 
moral is, you don*t use third-class levers to do 
heavy jobs, you use them to gain speed. 

One convenient thing about machines is that 
you can determine in advancethe forces required 
for their operatioh, as well^as the forcesftiey will 
exert. Consider for 'a^ moment the firat-class 
lever* Suppose you have an iron bar, like the one 
shown in figure 1-7, This bar la 9 feet long, 
and you, iimnt to use it to raise a 300-pound 
crate off the deck while you slide a dolly under 
the crate. But you can exert ordy 100 pounds 
to lift the cr^e. you place the fulcrum--a 
wooden block— iMneath one end of the ba;*, and 
force that end of the bar under the crate. Then 
you push down on the other end of the bar. 
After a few adjustments of the poiifion of the 
fulcram, you will find tlmt your 100-pound force 
will ju^b fit the crate when the fulcrum is 2 , 
feet from center of the crate. 




_ no A. 

Fi|ure 1-7.— id^doesll. 



' raw leav^is a r-foot leng tl i of bar feom^lhe- 
fulcrum to Ae point ¥^tre you* push down. 
The 6-|oot portion is three timei as long as the 
distance from the fulcrum to the center of the 
crate. . But you lifted a load three times as 
great as the force you^ applied— 3 x 100^300 
pounds. Here Is an indication of a direct 
ralatlonflhlp between lOTgths of levtr arms 
and forces acting on those arms. 

You can state this relationship in general 
terms by saying— the length of the effort arm 
is the same number of times greater than the 
length 0 the rjsistmnce arm as the resistance 
to be overcome is greater than the effort you 
must apply. Writing these words ats a mathe- 
matical equation. It looks like this- 

1 E 

in which, 

L - length of effort arm, 
I s length of resistance arm. 
R ^ resistance wielght or force. 
E ^ effort force. 

Remember that all distances jnust bp in the 
saaie uares— such as feet, and all forces must 
be in the same units^such as pounds. 

Now take anoUier problem , and see how it 
works out. Suppose you want to pry up the lid 
of a paint can (fig/ 1-8) with a 6-inch file 
scraper, and you taiow that the average force 
holding the lid is 60 pounds/ If the distance 
from the of the paint can to the edge of 
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Flgurt 1-8.— A flrst-elass 



the cover is one Inch, what force will you have 
to apply on the end of the flit icraper? 
Aceording to. the formula: 



L 
1 



R 



Here L - 5 Inches; 1 - 1 inch; R - 50 pounds, 
and E is unlmown* 

Substitute the numbers in their proper places. 

Then, 



50 
E 



and 



E = — ^ ^ - 10 pounds. 




the aifli, then ttie len^h of ttif reslitfne© arm 
iB^l foot. 

By-€Ubrtituting In tiie formula, , 



L 
1 



R 



and 



^ 4 ^ 200 
E - 50 lb* 



You nted^ to apply a force of only 10 
pounds. 

The same general formula applies for 
,«econd-class levers. But you must be careful 
to measure the proper len^s of the effort arm 
and the reslitance arm. Looking back at the 
wheelbarrow problem, assume that the lei^h 
of the handles from thf a^e of the wheel-^ich 
is the fulcrum--to the grip is 4 feet. How long 
is the effort arm? You're right, it's 4 feet, 
If the center of the load of sand is 1 foot from 



Now. for the third-elas|i lever. Wltii one 
hand, you lift a projectile we^hlng approximately 
10 pounds. If your biceps musol# attaches to 
your forearm 1 inch below your elbow, and the 
distance from the elbow to the palm of your 
hand is 18 inches, what piUl must your muscle 
exert in order to hcM the^pMj«atile and flf3L 
your arm at the elboWV 
/ By substitutii^ in the formula, 

T R 1 10 

T " it becomes jg ^-f 



and 



E ^ 18 X 10 = 180 Ibt 



Your muscle must exert a 180-pound pull to 
hold up a lO^poimd shell. Our muscles are 
poorly arranged for lifting or puUing-and 
that's why some ' work seems pretty tough. 
But .remember, third-class levers are used 
primarifT^o speed up the motion of the re- 
sistance, 

Cwved Lever Arms 

Up to this point you Imve been looMng at 
levers with straight arms* In mery case, the 
.dlrectiOT\ in which the resistance acts is parallel 
to the direction in which the effort is exerted. 
However^ all levers are not straight, YoWU need 
to learn to recognise all ^es of levers, ^d to 
understand their operation, ^ * 

Look at figure 1-9. You may wonder how to 
measure the length of the effort arm, which is 
represented by the curved pump handle. You do 
not measure around the curve-you still use a 
straight-line distance. To determine the length 
of the effort arm, draw a straight ItoeAB through 
the point where the effort is'applied and In the 
direction that it is applied. From point M^g^ 
this line, draw a second line EF that passes 
through the fulcrum and i^ perpendicular^ to 
line AB. The length of the line EF Is the 
actual lei^h L of the effort arm. 
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Fipirt l-9*-^A cm^ed lever arm. 



\ To find tht Itngth of the resistance arm, 
use the same method. Draw a line MN in the 
direction that the resistance ia operating^ and 
throiigh the point wjiere the reaistance is at- 
tached to the other end of the handle. From 
point R on this line, draw a line RF per- 
pendicular to MN so that it paases through . 
the fulcrum* The length of RF is the length 
1 of the resistance arm. 

, Htgardltss of the curvature of the handle^ 
this method can be used to find the lengths L 
and L - Then curved levers are solved just like 
straight levers. 



4, Bsqprtss^ the same Idea in mathe^tleal 
terms, ^ 

MECHANICAL ADVANTAGl ^ ^I^qr^^ . 



or 



M. A. ^1 



Thus, in the cast of the wheelbarrow, 
U A - - 4 - 

• * r 50 - V 

»This rule applies to all machines. \ 
Mechanical advantage ot levers may alsD43e 



fcninft by dlvidli^ the lin^h Of the effift arm A 
by the length of the resistance arm a. SWedas 
a formula, this reads: . . 



MECHANICAL ADVANTAGE^ 



EFFORT ARM 
RESISTANCE ARM 



M. 



How does ttils apply to third-class levers? 
Your muscle pulls with a force of 1,800 pounds 
in order to ^t a lOO-pound projectile. So you 



have a me^pnical advantage *df T"^%ni 
which is fractional-" lees than 1, * 



SUMMARY 



MECHANICAL ADVANTAGjE. 

There is another thing about first-class and 
second-class levers that you have probably 
noticed by now. Since they can be used to 
magnify the applied force, they provide positive 
mechanical advantages. The, third-class lever 
provides what^s called a fractional mechanical 
advantage, which is really a mechanical dis- 
advantage— you use more force than the force 
of the load you lift. 

In the wheelbarrow problem, you saw that a 
50-pound pulL actually overcame the 200-pound 
wfifht of the sand. The sailor's effort was * 
magnified four times, so you may say that the 
mechanical adyantage of the wheelbarrow is 



Now for a brief summary of levers. 

Levers are machines because thfey help you 
to do your vmrk. They help by changing the 
size, direction, or speed of the force you apply. 

There are three classes of levers* They 
differ primarily in the relative points where 
effort is applied, where the resistaftce is 
overcome, and where the fuMrum is located* 

First-class levers have the effort and the 
resistance on opposite sides of the fulcrum, 
and effort and reiistance move in opposite 
directions, ^ . . 

Second-class levers have the effort and 
the resistance on the ^ame side of the fulcrum,, 
but the effort is farther from the fulcriihi than 
Is the resistance. Both e^ort and resistance 
move in the same direction. 
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Chapter 1-LEVERS 



, Third-class levers have the effort applied 
the same side of the fulcrum aj the resist- 
ance, but the effort is applied between the re- 
sistance and 'the fulcrum. Both move* in the 
sahie direction. 

First- and second-class levers can be used 
to magnify the amount of the effort exerted, 
and to decrease the speed of effort. First- - 
class and third-class levers can be ^sed 
magnify the distance andjhe speed of th^^^effortS 
exerted, and to deci^ease its magnitude. 

The Same general formula applies to all 
three types of lev^ers: 

L-- R . 

1 " E 

* MECHANICAL ADVANTAGE' (M.A.) is an 
expression of the ratio of the applied force and 
the resistance. It may be written: 



^' E 



APPLICATIONS AFLOAT 
AND ASHORE 

Doors aboard a ship are locked shut by lugs 
called dogs. Figure 1»10 shows vou how these 
dogs are used to secure the door. If the 
handle is four times as long as the Ipg, that 
50-pound heave of yours is multiplied to 200 
pounds against the slanting face of the wedge. 
Incidentally, take a look at that wedge-it^s an 
inclined plane, and it multiplies the 200=pound 



R^aoo 




force by about four. Result^your 50-pound , 
heave actually ends up as an 800-pound force 
on each wedge to keep the hatch closed! The 
hatch dog^ is one use of a first-class lever, in 
combination with an inclined plane, " m 

The breech of a big gun is closed with a 
breech plug. Figure i = |l shows you that this 
plug has- some interrupted screw threads on it 
which fit into similar interrupteci threads in, 
the breech. Turnfng the plug part way around 
locks it into the breech. The plug is locked 
and unlocked by the operating lever. Notice 
that the connecting rod is secured to the 
operating le|^r a few inches from^J*^ fulcrum, 
YouUl see^thati this is an application of j 
second-class lever! ^ \ 

You know that the plug is in there good and 
tight. But, with a mechanical advantage Qf 
ten, your 100-pound puir on the handle will 
twist the plug loose with a force of a half- - 
ton. 

If you've spent any time opening crates at a/ 
base, you've already used a wrecking bar. The 
blue- jacket in figure 1-12 is busily engaged 
in tearing that crate open. The wrecking bar 
is a first-class lever. Notice that it has curved 
lever arms. Can you figure the mechanical 
advantage of this one? Your answer should 
bo M= A. ^ 5. 

The crane in figure 1-13 is iised for handling 
relatively light loads around a warehouse or a 
dock. You can see that the crane is rigged as 
a third-class lever. The effort is applied be- 
tween the fulcrum and the load. This gives_a 
mechanical advantage of less than one. If it's 
going to support that 1/2 ton lo%d, joulmow that 
the pull on the lifting cable will have to be con-- 
siderably greater than 1000 pounds.' How 
much greater? Use. the formula, and figure 
it out^ 



L^ 
1 



E 



3.100 



Figure 1 = 10. -^It^s a dog. 



Gut the answer? Right^E^l,333 lb. 
Naw, because the^ cable is pulling at an angle 
of about 22'^ at E, you canuse some trigonometry 
to find that the pull on the cable will be about 
3,560 pounds to lift, the 1/2-ton weight! How- 
ever, since the loads are generally light, and 
speed is important, it is a practical and use= 
ful machine, # 

Anchors are usually housed in thehawseplpe 
and secured by a chain stopper. The chain 
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Figure 1-11, —An 8-lnchers breech. 
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Figure l-12,^Using a wrecking bar. 



stopper consists of a short length of chain con- 
taining a turnbuckle and a pelican hook. When 
you secure one end of the stopper to a pad eye 
in the deck and lock the pelican hook over the 
anchor chains the winch is relievedof the strain. 

Figure 1-14A gives yqu the details of the 
pelican hook. 

Figure 1-14B shows the 'chain stopper as a 
whole. Notice that the load is applied close 




131.9 



Figure 1-13.— An electric crane. 
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Figure 1^14. A pelican hook; * 
B. A chain stopper. 



to the fulcruiTi, The resistance arm a is very 
short. The bale shackle, which holds the hook 
secure, exerts its force at a considerable dis- 
tance A from the fulcrum. If the chain rests 
against the hook one inch from the fulcrum, 
and the bale shackle is holding the hook closed 
12 + 1 ^ 13 inches from the fulcrum, what's 
the mechanicalsadvantage? It's 13, A strain of 
only 1,000 pounds on the base shackle can hold 
the hook closed when a 6 1/2-ton anchor is 
darkling over the ship's' side. You'll recognize 



the pelican hook as a aecond^class lever with 
"curved-arms. 

Figure 1=15 shows you a couple of guys who 
are using their heads to spare their muscles. 
Rather than exert themselves by bearing down 
on that drill, they pick up a board from a nearby 
crate and use it as a second-class lever. 

If the drill is placed half way along the 
board, they will get a mechanical advantage of 
twor How would you Increase the mechanical 
advantage' if you were uslnr this rig? Right/ 
You move the drill in closer to the fulcrum. 
In the Navy, a loiowledge of levers and how to 
aoDly them pays off. 




131.10 

Figure 1-15,— An improvised drill press. 
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BLOCK AND TACKLE 



Blocks^puUeys to a landlubber— are simple 
machinfes that have many usf s aboard ship / as 
well as on shore. Remember how your mouth 
hung open as yoti* watched moveri taking a piano 
out of a fourth story window? The fat guy on the 
end of the tackle e^efl the piano safely to the 
sidewalk with a mysterious arrangement qf 
blocks and ropes^ Or perhaps you've been in 
the country and watched the farmer use a block- 
and- tackle to put hay in a barn. Since old Dobbin 
or the tractor did the hauling, there was no need 
for a fancy arrangement of ropes and blocks, 
rncidentallyj youHl often hear the rope or tackle 
called thfe fall. Block-and-tackle,^orblock»and- 
fell, ^ 

In the Navy youUl rig a block-and-tackle to 
make some of your work easier. Learn the 
names of the parts of a block. Figure 2-1 will 
glvt you a good start on this. Look at the single 
block and see some of the ways you can use it. If 
you lash a single block to a f^d «bjeGt==an 
overhead, a yardarm, or a bulkhead— you give 
yourself the advantage of being ablfe to pull from 
a" donvenient directtop. For example, in figure 
2-2 you haul up a flag hoist, but Jou really pull 
down. You can do this by having a/lingle sheaved 
block made fast to' the yardarm. This makes it 
possible for you to stand in a cohvenient prace 
near the flag bag and do the job. Otherwise you 
would haVe to goialoft, dragging the flag hoist 
behind you*! 



MECHANICAL ADVANTAGE 



With a slnftle fixed sheave, the force of your 
down-puU on the fall must btiBqual tothe weight 
of the object beij^ hoist edjj^^u can't use this 
rig to^lift aheavyloador resistance with a small 
^ffort— you can change only the dlruetionof your 
pulL ^ * 



A single fixed block is really a first-class 
lever with equaT arms. The arms EF and FR 
in figure 2-3 are equal; hence the mechanical 
advantage is one. When you pull down at A with 
a force of one pound, you raise a load of one 
pound at B. A single fixed block does nOt m^nift? 
force nor speed. 

You can, however, use a single block-^dT 
fall to magnify the force you exert. Notice, Tp 
figure 2-4 that the block is not fixedfand that tn^ 
fall is doubled as it supports the 200-pound cask. 
When rigged this way, a single block- and-f all is 
called a runner. Each half of the fall carries one 
half of the total load, or 100 pounds. Thus, by 
the use of the runner, the bluejacket is lifting 
a 200-pound cask with a 100-pound pull. The 
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Figure 2-1.— Look it over* 
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Figure 2-2. -A flag hoist. 
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Figure 2-3,— No advaaitage. 



mechanical advantage is two. Check this by the 
formula: 



A R 200 « 



The single movable block in this ietup is 
really a second-class lever. See figure 2-5. 
Your effort E acts upward upon the arm EF, 
which is the diameter of the sheave. The re- 
sistance R acts downward on the arm FR, which 
Is the radius of the sheave. Since the diameter 
is twice the radius, the mechanical advantage 
Is two. 

But, when the effort at E moves up two feet, 
the#oad at R is raised only one foot. That' s one 
thing to remember about blocks and lalls-^if 
you are actually getting a mechanical advantage 
from the system, the len^hj of rope that passes 
through your hands is greater than the distance 



tha{ the load Is raised. However, if you can lift 
a big load with a small effort, you donfl cart 
how much rope ydu have to pulL ^ , ^ . 

The bluejacket In figure 2-4 is in an awkward 
position to pull. If he had anotWir single block 
handy, he could use it to changt the directlpn of 
the pull, as in figure 2-6. This second arranfa- 
ment is Imownasaguntacklepmrchasa* Becauae 
the second block is fixed, it merely ehanges the 
direction of puU^and the mechanical advantage 
of the whole system remains two. 

You can arrai^e blocki in a number of wayi, 
depending on the Job to be done andthe mechan- 
ical advantage you want to get.^Kor eMmple, a 
luff tackle consists of m double block ar^ a single 
block, rigged as in figure 2-7, Notice tlmt the 
weight Is suspended by the three parts of rope 
which e^rtend from the movable single block. 
Each part of the rope carries its slrnre of the 
load. If the crate weighs 800 pounds, then each 
of the three parts of the rope supports Itf share^ 
200 pounds. If there'sapuUof 200 pounds 
ward on rope B, you will have to pull dowwpOft 
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Figure 2-4. runner. 



a winch. The winch could take it, but the rope 
couldn't. 

Now for a review of the pointi you have - 
learned a^ut blodkSj and then to somepract^^ 
applications aboard ship— 

With a Single fixed block ^he only advantage is 
the change of direction of the pull. The ^echan- 
ieal advaittage ia still o^t. 1^ 

A single* movable block gives a med^anical^ 
advantage _of two. 



^ Many combinations of single^ 4ouble^ and' 
'Xtriple blocks ca%fcp rigged to give gre^ter^yi'^h- 
tages, ' 
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with a force of 200 pounds on A to counterbalance 
the pullonB. Neglecting the friction in the block, 
a pull of 200 pounds is all that is necesWry to 
raise the crate. The mechanical advantage is: 



E 200 

Here's a good tip. If you count the number 3t 
the parts ot rope going to and from the^ movable 
block, you can figure the mechanical advantage 
at a glance. This simple rule will help you to 
quickly approximate the mechanical advantage 
of most tackles you see in the Navy. 

Many combinations ai single, double, and 
triple sheave blocks are possible* Two of these 
combinations are shown in figure 2-8. 

If you can secure the dead end of the fall to the 
movable blockj^the advantage is increased by one. 
Notice this is done in figure 2-7. That is a 
good point to remember* Don't fprget, eitherp 
that the strength of yourfall^rope— iaalimlting 
factor in any tackle. Be sure your fall will carry 
the load. There is no point in rigging a six-fold 
purcnaet which carries a 5-ton load with two 
trlplt blocks on a 3-inch manila rope attached to 
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Figure 2-5. -It's 2 to L 
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sw^ it oiftothecleckj ortoshiftany^4^d a short c 
dlgtanc©. Figure 2-9 shows you how, the load is . 
f^rst picked up by the yard tackle,. The stay 
tackle Is left slack. After the load is raised to 
the height necessary tp clear obstructions/you 
take up on the stay tackle, and fease bff on the 
yard ML A glance at ftie rig tells you that the 
mecharifcal advantage of each W these tackles 
is only two. You may think that It -isn't worth th% 
^^rouble to 'rig a 'yard and stay taclde' with that 
- sriiall^ advantage Just tdfmove a 400-ppurid c:^tf. 
alo:^ the^ deck/ However, a few minutes spent 



in rigging may save many unplfeas^t hours with 
J sprained back. - 

If you want a high mechanical advantage, a 
luff upon luff is a good rig for you. ''You can raise 
heavy loads with this |etup. Figure 2^10 shows 
you. how It is rigged. If you apply the rule byt 
^J^^6h you count the parts of theiallgoi:^ toy^nd 
fr^i^Jhe movable blocks, you find that block A 
^ivesfa mechanical advantage of 3 to 1, Block B 
has four parts of fall running to and from it, a 



Figure 2-6. [-A gun tackle. 
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A general rule of thumb is that the number of 
the parts ofthe fall KOing to and fro nyBie movable 
block tells you thellpproximata mtechanical ad- 
vantage of that tacklG. ■ ^ 

If you fix the dead end of the fall to theiniov- 
able block you increase the mechanical advantage 
by one, 

APPLICATIONS AFLOAT AND ASHORE 

Blocks and taclde are used for a great num- 
ber of lifting and moving jobs afloat andashore; 
The five or six basic combinations are used over 
and over again in many situations. Cargo is 
loaded aboard, depth charges are placed inthpir 
racks, life boats are lowered over the side by 
the use « this machine. Heavy machinery, guns, 
and gun mounts are swung into positioh with th§; 
aid of blocks anfl tackle. In a thousand situa^ 
tions, bluejackets find this machine useful and 
efficient* 

Yard and stay tacklei are used' on shipboard 
when you want to pick up a load from th> hold and 




Figure 2-7.— A luff^ackle 
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f sEi|tjre fi-9.-^A yafd and stay tackle. 



equal part of the WO=pound pull. Therefore, the 
hauling, part requires a. pull of only 1/4 x 400, 
or 100 ppunds. So, here you have a 1 00-pound 
pull raising a l,26o-pound lo^. That-a a 
m^echanical advantage of 12. , 

In shops ashore and aboard ship you^are 
almost certain to run into a chain hoist, or 
difiererfllial puUey, Ordinarily, these hoists are 
.uspend^cl from overheid trolleys; and are used 
to lift heavy objects and fnove them from one 
of the shop to another, ^ ^ 
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Figu're 2-8.— Some other tackles. 



, mechanical advantage of 4 to 1 . The mechanical 
advantage of those obtained from A is raultiplied 
four times in B. The^ overall mechanical advan- 
tage,, of a luff upon luff is the product of the two 
mechanical advantages-- or 12> 

Don't make the mistake of adding mechanical 
advantages- -Always multiply them. 

You. can easily figure out the M.A. for the ap- 
paratus shown in figure 2-10. Suppose tlie load 
weighs 1,200 pounds. Since it is supported by 
the parts 1, 2, and 3 of the fall running to and 
from block A, each part npust be supportihg one 
third of the load^ or 4Cto pbunds. If part 3;:has a 
pull of 400 pounrfs on It, part 4 which is made 
fast to.block B, also has a^400-pDund pull on it, 
There are four pa^rts of the second fall going to 
and from block B, and ^ each of these takes an 
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Figure 2-10.— Luff upon luff. 
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To h^p you to understand th^peration of a 
Ohain hol^, look at the cMe in flgur^'ZML As- 
sume that you grasp the dhain at Band, pull until ' 
the large wheel A has turned around once, *Theii 
Ihe^distande Uirough which your effort j^as moved 
is equal ^» %e circumfefence of that wheel, or 

■ 27rR. How much w& the iQ^er Wfieel C and its 

, load beYaised?^iSince wl^eel C ii a single mov- 
able block, its center .will be raised only one- 
, half the distance that the chain E i^as pulled, or 
a' distance wR> However,* the smallsr -wheel B, 

^Ni^iich is rigidly fixed to A, makes bpe revolution 
at the same time as A does so B will, fe^^some - 
chain down to C. .The length of /t^chain fed 
doWn will be equal to the circumforence of Bf^_ 
or 2wt/ Again, since C is single movable block, ^ 
the ilDwnward movement of its center ^ill b^ 
equal to only one-half the length of the chain fed , 

^ to it, or 

■ * Of course, C does not first move up a dis- 
ta?ice jfR and then move down a distance 7rr. 
Actually, its steady movement upward is equal 
/ ' 



kt^ 
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to the difference Between the two, or (rR^Trr 
Doo't worry about the size of the movable pulley, 
C, It doesn't enter into these caiculations. 
Usual^ dts digjneter isbetweenthatof Aapd that 
of B, ' 1 ^ _ . ' 

^f^ the friechanical advantageiequals the distance 
ftirough which the effort E isjmpved, divided by 
the distance that the loa^ is mofed. This is 
-called the velocity ratio, or theoretical mechan-, 
^^ical advantage. It is theoretical because the 
frictional r«istance< o the movement of mechan= 
ical 'parts is left out. In practical uses, ^11 
moving parts have 'frictional resistance. ' 

The equation for theoretical mechanical ad- 
vantage may be written^ 

Theoretical mechanical advantage ^ 

Distance effort mosces 
' Distance resistance mov%s -\ 

and in this cas#, 

27rR . 2R 
rrR - rrr ~ (R - r) ^ 



T. M. A. 



If A is a large wheel, and B is a little smaller, 
the value 'Of 2R becomes large, and (R==r) be- 
comes small. V Then you have a large number for 

, which is the. theoretical mechanical ad% 

(R^r) ' -'\ 

vantage. " . . 

You can lift heavy loads with chain hoists. To 
^Ive you an. idea of the mechanical advantage of a 
c^iain hoist, suppose the large wheel has a radius 
R of 6 inches and the smaller wheel a radius r of 
5 3/4 Inches, What theoretical mechanical ad- 
vantage would you get? Use the' formula— 



M. A. 

Then substitute tlic 
places, and solve— 

T. M, hi 



2R 
R»r 



numbers in their proper 



2 X 6 
6-^5 3/4 



12 

T74 



48 



Figure 2-lL— A chain hoist. 



Since the friction in this type of machine is 
considerable, the actual mechanical advaDtage is 
not as high as the theoretical mechanickl ad- 
vantage would lead you to believe. For example, 
that theoretical mechanical advantage of 48 tells 
you that with a one-pound puU you should be able 
to lift a 48-pound load. However, actually your 
one-pound pull migtlt only lift a 20-pound load. 
The rest of your effort would be used in over- 
coming the friction. 
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Have you ever tried to open a^door ^en t\ye 
todb was mlsstog? If you have, you ^ow that 
trying ^to t^mt that small fcur-rtded shaft with 
y our flikers is tough work. That gives y CM some 
apprecSion of the advantage you get by using 
a taioto. The door taiob is an e Ample of a simple 
machine called a vlieel and axle. 

The steering wheel on an automobile, the 
handle of an lee cream freezer^ a brace and 
blt--theie are familiar eramples of this type j 
of simple machine. As you taow from your 
expeHence ^th these devices, the ^meel and 
axle li commonly used to multiply the force 
you exert. If U screwdriver .w^'t do a job 
because you can^t turn it, you stiSk a screw^ 
driver bit In Jhe chuck of a . brace and the 
gerew probably gbes In with little difficulty. 

There^s one thing you'll wan^to get straliht 
right Jt the beginning. The wheel-and-axle 
machffia consisti of a wheel or crank rlgldly^^ 
attained to thf axle, which turns with the ^ 
whefl. Thus, the front wheel of an automobile 
Is n)bt a wheel-and-axle machine because the 
a^df'aoes not turn with the wheeL 



MECHANIciL ADVANTAGE 

How does the wheel-and-axle arrangement 
help to magnify the force you exert? Suppose 
you use a screwdriver bit in a brace to drive 
a stubborn screw. Look at figure 3^ lA. Your 
effort is applied on the handle which moves m 
a circular path, the radius of which Is 5 inches. 
If you apply a lO-pOund force on the handle, 
how big a forqe will be exerted against the re- 
sistance at the screw? Assume the radius of 
the screwdriver blade li 1/4 inch. You are 
really using the brace as a second-cla^s lever- 
see figure 3- IB. The size of the resistance 



*^hlch can be overcome can be found from the 
^forpula-- 



1 



E 



In which— 



L ^ radius of the circle through ^Ich thd* 

hkndle turns, 
1 - one-half the width of the edge of the 

^^^screwdriver blarde, 
R ^ force of the resistance offered by the 

screw 

E = force of effort applied on the handle. 
Substituting In the formula; and solving: 



5 ^ R 
1/4 B 



R = 



5 X 10 



■ a 5 X M X 4 ' 

= 200 lb. 

This'jmeans that the screwdriver blad^wUl 
tend to turn the screw with a force of 200 
pounds. The relationship betwefs the radii or 
the diameters, or the circumferences of the 
wheel and axle tells you how great a mechanical 
advantage you can get. 

Take another situation. The old oaken 
bucket, figure 3-2, was raised by a wheel-and- 
axle arrangement. If the distance from the 
center of the axle to the handle is 8 inches, 
and the radius of the drum around which the 
rope is wound is' 2 Inches, then you have^a 
theoretical mechanical advantage of 4. That s 
why they used these rigs. 
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Figure 3-J=.— It magnifies your effort. 
MOMENT OF FORCE 

In a number of situations KSj) can use the 
wheel-and-axle to speed up motion. The rear= 
wheel sprocket of a bike, along with the rear 
wheel itself, is an example. When you are 
pedaling^ the sprocket is fixed to the wheels so 
the eombination is a true wheel-and-axle ma=» 
chine. Assume that the sprocket has a cir- 
cuntference of 8 inches, and the wheel cir- 

/cumference'is 80 inches. If you turn the 
sprocket at aerate of one revolution per second, 

*-iach sprockey tooth moves at a speed of 8 
inches per seoond. Since the wheel makes one 

^^revolution^for \iach revolution made by the 
sprocket, any point on the tire must move 
through a distance of SO Inches in one second. 
So, for every eight-inch movement of a point 
on the sprocket^ you have moved a correspond- 
ing point On the wheel throu|h 80 inches. 
Since a complete revolution of the sprocket 
and ^eel requires only one second^ the speed 
of a point on the circumference of the wheel is 
80 inches per second, ^ten times the speed of 
a tooth on the sprocket. 

(NOTE: Both sprocket and wheel make the 
same number of revolutions pttr^second so the 
speed of turning for the two is the^ame,) 
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Figure 3-2. --The old oaken bucket. 



Here is an idea which you will find useful 
in understanding the wheel and axle, as well as 
other machines. You probably have noticed that 
the force you apply to a lever tends to turn or 
rotate it about the fulcrub? You also Imow that 
a heave on a fall tends to rotate the sheave of 
the block and that turning the steering -^^eel of 
a car tends to rotate the steering column. 
Whenever you use a lever, or a wheel and axle, 
your effort on the levei* arm or the rim of the 
wheel tends to cause a rotation about the ful- 
crum or the axle in one direction Or another*. 
If the rotation occurs l^the same direction as 
the hands of a cl06k, tMt direction is called 
clockwise. If t^ rotation occurs in the op- 
posite directiojr fEom that of the hands of a 
clock, the directiolpof rotation is called counter- 
clockwise. A glance at figure 3-3 will make 
clear the meaning of th^se terms. 

You have- already seen that the result of a 
force acting on the handle of the carpenter's 
brace depends not only on the amount of that 
force but also on the distance from the handle 
to the center 40f rptation^ From here on you'll 
know this result as a moment of force, or a 
torque (pronounced tork). Moment of force and 
torque have the same meaning. 

Look at the effect of counterclockwise move- 
ment of the capstan bar in figure 3-4. Here the 
amount of the effort la designated Ej and the 
distance from the point where this force is 
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Figure 3-3.— Directions of rotation. 



applied to the center of the axle is Lj, Then 
El X Li is the moment of force. You'll notice 
that this term includes both the amount of the 
effort and the distance from the point of ap- 
plication of effort to the center of the axle. Or- 
dinarily, the distance is measured In feet and 
the applied force is measured in poMnds. 



Tl^erefore, moments of force are generally 
measured in foot-poundi— abbreviated ft-lb/ A 
moment of force is frequently called a moment. 

By using a longer capstan bar, the bluejacket 
in figure 3-4 can increase the effectiveness of 
his push without making a bigger effort. But 
if he applied' his effort closer to the head of the 
capstan and us#d the same force, the mQment 
of'force would be less, 

BALANCING MOMENTS 

You know that the bluejacket in figure 3-4 
would land flat on his face if the anchbr hawser 
snapped. But Just as long as nothing breaks, 
he must continue to push on the capstan bar* 
He is working against a clockwise moment of 
force/ which is equal in magnitude^but opposite 
in direction to his counterclockwise moment of 
force. The resisting moment, like the effort 
moment, depends on two^ factors. In the case 
of the resisting momenf, these factors are the 
force with which the anchor pulls on the 
hawser, and the distance L2 from the center of 
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Figure 3-4.— Using a capstan. 
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the capitan to Its rim. The txlstente of this - 
reaistlng force would be; evident if the blue- 
jackit let go of the capstan bar. The weight 
of the anchor pulling on the capstan would cause 
the whole works to spin rapidly in a clockwise 
direction--and good-bye anchor! The principle 
involved here is that whenever the counterclock- 
wise and the clockwise moments of force are 
In balance^ the machine either movfsata steady* 
ipeed or remains at rest. 

This idea Of the balance of -moments of force 
^an be summed up by the expression— 



CLOCKWISE MOMENTS ^ 
COUNTERCLOCKWISE MOMENTS 

And, since a moment of force is the product 
of the amount of the tome times the distance the 
force acts ifroni the center of rotation, this 
expression of equality may be written-- 



r 



X L 



1 



In which— 



= force of effort , 
lJ ^ distance from fulcrum or axle to point 

where force is applied, 
E^^ force of resistance, 
L^ ^ distance from fulcrum or center uf axle 
^ to the point where resistance is applied. 

EXAMPLE 1 

Put this formula to work un a capstan prob- 
lem. A single capstan bar is gripped 5 feet from 
the center of a capstan head with a radius of 
one foot. A ^ 1/2-ton anchor is to be lifted. How 
big a push does the sailor have to exert? 

First, write down the formula^ 



X 



Here Li - 5; Eg - 1,000 pounds; and Lg ^ 1 • 
Substitute these values in the formula, and it 
becomes: 



and— 



X 5 ^ 1,000 X 1 



Ej - ^ 200 pounds 



EXAMPLE 2 

Consider now the sad case of Slim and Sam, 
as illustrated in figure 3-5. Slim has suggested 
that they carry the 300-pound craU slung on a 
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Figure 3=5, ^A practical application. 



handy 10- foot pole. He tos smart enough to 
slide the load up 3 feet from Sam's shoulder. 
Here's how they made out. Use SUm's 
shoulder as a fulcrum Look at the clock- 

wise moment caused by the 3 00- pound load. That 
load is five feet away from Slim's shoulder. 
If Rj is theload, and L J the distance from Sllm's 
shoulder to the load, the. clockwise moment 

M. is— ^ 
A 



M . ^ R, X L, 
A 1 1 



300 X 5 ^ 1, 500 ft-lb. 



With .sum's shoulder still acting as the ful- 
crum, the resistance of Sam's effort causes a 
counterclockwise moment Mg acting against the 
load moment. This counterclockwise ^moment 
is equal to Sam's effort E^ times the distance 
L3 from his shoulder to Ihe fulcrum Fj at 
Slim's shoulder. Since L2 ^ 8 ft., the formula^^ 
is— 



= ^2 ^ L3 



EgXS - SE^ 



But there is no rotation, so the clockwise 
moment and the counterclockwise moment are^. 
MA - Mg, Hence— 

1,500 ^ 8E^ 



1-, 500 

8 



187. 5 pounds. 



So poor Sam Is carrying 187,5 pounds of the 
300-pound load, ^ 
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' What 11 Slim carryir^? The difference be= 
twem.300 and 187.5 ^ 112.5 pounds, of coursel 
But ym can che^ck your answer by this pro- 
cedure-=t 

This time^-^use Sam-s shoulder as the ful- 
crum The counterclockwise moment M^^ is 
equal tolhe 300-poundloadR| timesthedistanc^- 
Lo— 3 feet=^from Sam^s shoulder, or 300x3^ 
9uO foot-pounds. The clockwise moment is 
the result of Slim's lift Ej acting at a distance 

from the fulcrum, L3 ^ 8 feet. Again ^ since 
counterclockwise moment equals clockwise 
moment, you have — 

900 ^ E, X 8 



and ~ -~ - 112. 5 [juunds 

Slim, the smart sailor, has to lift only 112.5 
pounds. There's a blue jacket who really puts 
his taowledge to work, 

THE COUPLE 

Take a ■ look at figure 3-6, h another 
capstan-turnitif situation. To inca^fte effective 
effort, a second capstan bar io^plar^^^d opposite 
the first and another bluejacket can apply a 
force on the secund \rd.i\ The twt) .suLhji s ivi 



figure 3-6 will apparently be pushing In op- 
posite directions, But, since they are on op- 
posite sides of the axle^ they are actually 
causing rotation in the same direction. And, 
if the two sailors are pushing with equal, 
forces, the nioment of force is twice as great 
as though only one sailor was pushing, ^ This 
arrangement is known technically as a couple^ 
You will see that the couple is a special 
example of the wheel aifd axle. The moment 
of force is equal to the product of the total 
distancp between the two points of effort 
and the force applied by one sailor. The 
equation for the couple may be written 

SUMMARY 

HereF is a quick review of the wheel and axle— 
tilings you should have sti^aight in your mind — 

A vs'MeeUand=axle machine has the wheel 
fixed rigidly to the axle. The wheel and the 
axle turn together. 

The wheel and axle may be used either to 
niagnify your effort or to speed it up. 

Til 6 effect of a force tending to rotate an 
object around an axis or fulcrum is called a 
nionient of force, or simply a ninment. 
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miBn an objtct I9 at rest or is moving 
steadily, tot elockwise moments are Just equal 
and opposite to the 90unterclockwise moments. 

Mommits of toe force, atpend upon two 
factors— toe amount of the force, and the distance 
from toe fulcrum or axis to the point where the 
force is applied « 

When two equal forces are applied at equal 
dlrtances on opposite sides of fulcrum, and 
move In ^opposite directions so that they both 
tend to cause rotation about the fulcrum, you 
have a couple. - 

APPUCXtIONS AFUpAf AND ASHORE 




A trip to the engine room makes you realize 
how important the wheel and axle is on the 
modern ship. Everywhere you look you see 
wheels of all sizes and shapes. Most of them 
are used to open and close valves quickly. 
One common type of valv^ is showi in figure 
3-7, TurnVng the wheel causes the tirreaded 
stem to rise and open the^ valve. Since the valve 
must close water-tight, * air-tight, or steam- 
tight, all the parts must fit snugly. To move 
the stem on most valves without the aid of the 
wheel would be impossible. The wheel gives 
you the necessary mechanical advantage. 

You*ve handled enough wrenches to taiow 
that the longer the handle^ the tighter you can 
turn a nut/ Actually, a wrench is a wheeU 
and-axle machine. You can consider the handle 
as one spoke of a wheel, and toe place where you 



Figure 3-8 shows you 
When you pull on the 
The rod on which the 



take hold of the handle as a point on the rim* 
The nut which is held in the Jaws of the wrench 
can be compared to the axle. 

You Imow that you can turn a nut too ttght^ 
and strip the threads or cause internal parts 
to seize. This is especially true v/hm you are 
taking up on bearings. In order to make the 
proper adjustment, you use a torque wrench. 
There are several types, 
one that is very simple* 
handle, its shaft bends, 
pointer is fixed does not bend— so the pointer 
indicates on toe acale toe torque^ or naoment 
of force; that you are exerting. The scale is 
generally stated in pounds, although it is really 
measuring foot-pounds of torque. If the nut is 
to be tightened by a moment of 90 ft- lb, you pull 
until the pointer is opposite the numbeif«f^on 
the scale. The servicing or repair manual on 
an engine or piece of machinery generally tells 
you what the torque^or moment of forces-should 
be on each set of nuts or bolts. 1 

The gun pointer uses a couple tfc> elevate and 
depress the gun barrel. He cranW^away at a 
hand^wheel that has twohandles. The right-hand 
handle is on the opposite side of the axle from 
the left-hand han«e-180'' apart. Look at figure 
3-9. When he pulfc on one handle and pushes on 
the other, he's producing a couple. But if he 
lets go the left handle to scratch himself, and 
cranks only with his right hand, he no longer 
has a couple— just a simple first-class lever! 
And he*d have to push twice as hard with one 
hand. 
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Figure 3-7.— Valves. 



Figure 3-8, — A simple torque wrench. 
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A system of gMrs^a ge^r train-transmits handle also rotates the ^tel In Uit samedlrac- 

ttie motion to the ^rrtl, A look at figure 3*10 tlon with an equal momtnt. Thus the total twist 

wUl hflp you to figure to© forces Involyrt. The or torque on toe ^eel is 10 + 10 ^ 20 ft-lb, 

radius of ttf ^eel is 6 taehes- 1/2 foot- and To get the same moment with one hand, applying 

^ each handle Is being turned with a fore^ of, a 20*pound force, the radius of toe wheel would 

say, 20 pounds, the moment on toe top which have to be twice as greats 12 Inches, or one foot, 

tends to rotate toe wheel in a cloclo^fise direction The couple is a convenient arrangement of^to© 

is equal to 20 times 1/2 ^ 10 ft-lb. The bottom wheel-and-axle machine. 




13L17 131.18 
Figure 3-e,--A pointer^ a handwheeL Figure 3-10*-"Developlng a torque. 
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^HAPTiR 4 

THt INCUNID PLANE AND THE WEDGE 



TOE BARREL ROLL 



Now^ply the formula to thla problem— 



Hm htTe pp*ably imtchrt a driver load 
bmrrt is on a truck. " The trurti li backrt up to 
th# eurfe* The driver plaeei a long double 
or ramp from* toe sidewalk to the tall 
asid then roUs toe barrel up the r^p. 
A S&nilill^P barrel may weigh close to 3 00 pounds 
whW ftdl, and It woufld be quite a Job to lift one 
up into toe truck. Aetimlly, the driver Is using 
a simple machine ^ed the Inclined plane. 
You have seen the Inclined plant used in nmny 
situations. vCattle ramps, a mountain highway^ 
and the gai^lank are familiar efflmples. 

The inclined plane permits you to overcome 
a larie resistance by applying a relatively small 
force torough a longer diitance than^the load is 
raised. Look at figure 4-1. Here you see the 
driver faslng the 300-pound barrel up to the bed 
of the truck, three feet above the sidev^lk. He 
is using a plank nine feet long. If he didnH use 
the ramp at all, he'd have to apply a 3Q0-pound 
force straight up through the three-foot distanee. 
With the ramp, however ^ he can apply his effort 
over toe entire nine feet of the plank as the barrel 
Is slowly rolled up to a height of three feet. It 
looks^^toen, as Ifhe could use a force only three- 
filntos of 300, or 100 pounds, to do the job. And 
that is actually toe situation. 



Here's the formula, 
^er 1? 



L 
I 



Remember it from 



E 



In which- L ^ lei«th of the ramp, meawred 
along toe slopes 
1 ^ height of the ramp, 
ft ^ weighf of object to be raised, 

or lowered, 
E ^ force required to raise or 
lower object 



In this case, L - 9 ft,;l ^ 3ft;andR ^ 300 lb. 
By substttutlng these values in toe fcfcmula, you 

get-^ ' 

9 300 

3 ^ E 

9E = 900 ^ 
E ^ 100 pounds 

Since the ramp is three* times as long as its 
height, the niechanicicl advantage is three. You 
find toe theoretical mechanical advantage by 
df^idlng toe total distance through which your 
effort is. exerted by the vertical distance torough 
which the load is raised or lowered, 

# 

THE WEDGE 

The wedge Is a special application of the 
inclined plane. You have probably used wedges. 
Abe Llncoha used a wedge to help him split 
logs into rails for fences. The blades of Imives, 
axes, hatchets, and chisels act as wedgei when 
they M*e forced into a piece of wood* The wedge 
is two Inclined planes, set base- to-base. By drlv^ 
Ing the we^e full-lengto Into toe material to be 
cut or split, the matertol is forced apart a dls- 
*tance ^ equal to the indth of toe broad end of ^ 
wedge. See figure 4*2. 

Lo^, slim wedges give high mechanical ad- 
^vantage. ' For eMmple, the wedge of figure 4-i 
iftas a mechanical advantage of six. Their 
greatest value, however, lies In the fact that 
you can use them in iltuatiois i^ere ^her 
simple machines won't work. Imagine toe 
trouble you'd have trying to pull a log apart 
with a system of pulleys. 
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* ' iUlIMARY 

Btfor# yw look at some of the Navy EppUca- 
t l^ ff si i^toid plaae and ttit W8dgt,hert^i 
a iumin&fy w^at to rtmtmber from tols 

chapter^ , 

The liieUnid plane is a simple 'maehln^iat 
lets you raise or lower heavy otojeots by apply- 

a snail force o^er a relatively longdistance. 

The thepretical mechanical advantage of the 
IneUaed plane Is fCHind by dividing the length 
the nmp by the perpeadiciilar height ttiat th# 
iMd wffl be raised or lowered. The actual 
mec^ical advantage is equal to the weight of 
the risistance or load, divided by the force that 
^ ranst be used to nftove the load up the ramp* 

The wedge is two Uiclined planes set base* 
to-base. It finds its greatest use in cutting 
or splitting materials, ^ 



APPX4CATIONS AFLOAT ATO AfflORl 

One^ the most common uses ot the Ineltiaed 
plane in the Navy isttieganfplank. Going Aboard 
the ship by gaonlukt UliMteatid Jaflfiire 4-8 - 
Is certainly msler toan climbing up a SM 
ladder. And you appreciate the M,A, of the 
ganrotart €ven more whto you have to carry 
your sea bag or a case prunes aboard, 

Rem^tmber that hatch dog to figure I-IO, 
The dog that's used to Mcure a door not arty 
takes adrontage of the lever principle, but^-U 
you look diarply^you can see that the dog seats 

«ielf 'on a steel wedge which li welded to the 
or* As the dog slides upimrd along this w^dge, 
it forcts the door tigfitly shut. This is an in- 
clined plane* with its length about eight times 
its thietaiess. That means you get a theoretical 
mechanical advantage of eight, You figured, in 
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Cbftptw IITCLWro PLANE AND THE WIDGE 



GlMj^fr 1, thftt you got a mdeba^eal advantegt 
oi toUF ftom Imr aetlm ^ dog— no the 
orermU mealKnic^ ad^i^Vi« Iti 8 tlmts4or 32, 
nifleeting ftpfotlon. NcA tad for such a simple 
gadgtt, Is it? PuiA doim wltti SO pounds hsfLve 
on tht tan^e and you squeue the door shut vMi 
a forct d 1600 poisids, on that dog. You'll find 
tht dasaage^ora||ot parties ustog wedgeaby tht 
dozen to shfli^^ buU^mds and decks. A few 



iltdge-hanamer blows m a w^t will quieUy 
and flrmly^tlghten up the rtioring. 

Chippie scale or paint ott steel is a tough 
JA, Howeverp the Job is made a lot easier ^th 
a aompreistd air chisel. The wedge-shaped 
cutting edge M the chisel gets in under the scale 
or the.paWp ai^ exerts great pressure to lift 
the scale odpatatlayer. The chisel bit Is another 
applicatlQft^f the inclined plane. 
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THE SCREW f 



Tht icrewii a slmpl© machine that Has many ^ 
UfM. Tbt viM on a wortttoch nuikts ust of the 
ireat mMbitoiaal adrantagt of th@^^|rf w. So do 
the aerew cdanqpa uaed to hold a piece of lu^ltur e 
togtlher wM© it ia bting glued* And so do many ^ 
tuii^tiimi latfrg MmI avan tha f ood gr Indtr in the 
Utehen at horned , 

' A aertw la a modiflMtion of the inclined 
plana* Ctrt a Atitofpaper in tht shape of a right 
friangle-an tacltnad plant. Wind it around a 
pencil, as in figure 5*1. Then you can sec that 
the screw is actually an inalln^ plane wrapped 
aroimd a cylinder. As the pencil Is turned, the 
paper la tfound up so that Its hypotenuse forma 
a spiral rawd similar to the thread on the 
aci-ew shown at^e right. The pitch of the screw, 
and of thepaper, isthedlstancebetweanldentlcal 
points on toe same ttireadSj and measured along 
the length of the screw. 



THE JACK 

r 

In order to understand how the screw works^ 
look at figure 5-2. Here you see a Jack screw of 
the type that Is used to raise a house or a piece 
of hea\^ machinery. The Jack hai a lever handle 
with a length r. If you pull the lever handle 
around one, turn, its outer end has described a 
circle. The circumference of this circle Is equal 
to 2 If , (You remember that w equals 3.14^ or 

'^). That is the distance, or the lever arm, 

through which your effort is applied. 

At tha sarh^ time, the screw has made one 
revolution^ am. In doing so has been raised a 
^ight aqual to its pitch p. You might say that 
one full thread has come up out of the base. At 
any rate, the load has been raised a distance p. 

Remember that the theoretical mechanical 
advantage Is equal to the distance through which 



the ^fort or pty fll is applied, divided b ythtdt i- ^ 
tSice the resistance or loSaTs moved . Assuming 
a 2-foot-^24''-length for th© lever arm, a^ a 
1/4-lnch pitch for thf thrwd, you can f tad th© 
theoretical mechiuilcll advantage by the for- 
mula^ ^ ^ 

A. ^ — 

in which 

r = lei^h of handle ^24 inches 

pitch, or distance between correspondUig 
points on successive threads ^ 1/4-lnch. 



Svri&stitutlng, 

t! m. a, = 



2 K 3. 14 X 24 
1/4 



150.72 ^ 



1/4 



^ 602. 88 



A 50-pound pull on the handle would result In 
a. theoretical lift of 5te602 or about 30,000 
pounds. Fifteen tons for fifty pounds. 

But Jacks have considerable friction loss. The 
threads are cut so that the force used to over- 
come friction is greater than tiie force used to do 
useful work. If the threads were not cufcthls way, 
if no friction were present,the weight of the load 
would cause the Jack to spin right back down to 
the bottom as soon as you released the handle. 

THE MICROMETER 

In using the jack, you exerted your effort 
through a distance of 2?rr, or 150 inches^ In order 
to raise the Bcrew 1/4 Inch. It takes a lot of 
circular motion toget a small amount of straight- 
line motion from the head of the jack. You will 
use this point to advantage In the micrometer, 
which Is a us^eful device for making accurajp 
small measurfements, measurements of a few 
thousandths of an inch, ^ 

In figure 5-3, you see a cutaway ^ew of a 
micrometer. The thimble turns freelylon the 
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Figure 5-l*--A icrtw is an 
In spiral form. 



110,4 
ed plane 



ileevi, which li rigidly attached tothemierom- 
©ter, frame* The spindle is attached to the 
^imblai and is lltttd with icrew threads which 
VIdve the spindle and thimble to right or left 
in the sleeve when you rotate the thimble. These 
screw threads are cut 40 threads to the inch. 
Hence one turn of the thimble moves the spindle 
and thlnible 1/40 inch. This represents one of 
the smallest divisions on the micrometer. Four 
Of these small divisions make 4/40 of 
or 1/10 inch. Thus the distance from Oto 
to 2 on the sleeve represents 1/10 or 
To allow even finer measuremf 
ilmble is divided into 15 equal parts laid out by 
raduation mirks around it i rim, as shown in 
IS. If you turn the thimble through 25 of 
these #Qual parts, you have made one complete 
revolutipn of the screw, v/hich represents a 
Te^HWfM W^^^^ of 1/40 of an inch. Now, If 
you tu^ the thimWe one of these units on its 
have mov^ the spindle a diitartce of 
1/40 inch, or 1/1 OiiO of an inch- 0.001 
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Figure 5-2, T-A Jack screw. 



The micrometer in figure 5-4 reads 0.503 
inch, which is the true diameter of the half- inch 
drill-bit shank being measured. This tells you 
that the diameter of this particular bit Is 0.003 
Inch greater than Its nominal diameter of 1/2 
Inch- 0^00". 

Because you can make such accurate meas* 
urements with this Instrument, It Is Indlspens^ 
able in every machine shop. 

SUMMARY 

Look over the basic Ideas you have learned 
from this chapter, and then see. how the N^vy 
uses this simple machine— the icr ew* 



SPINDLE^ SLEE^ IHIMSLE: 
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4.20 

Figure 5-4.— Taking turns, ^ 



The screw Is a modifif^ation of the inclined 
plane-- modified to give you a hi|h niech=-* 
aliical advantage. 

The theoretical mechanical advantage of the 
screw can be found by the formula 

P 

As in all machines, the actual niechanical 
advantage equals the resistance divided 
by the e^ort. 
In many applications of the screw, you make 
use of the large amount of , friction that 
is commonly present in this simple 
machine. 

By the use of t^e screw, large amounts of 
circular motion are reduced to very 
small amounts ofc straight-line motion. 

APPLICATIONS AFLOAT AND ASHORE 

It's a tough job to pull a rope or cable up 
tight enough to get all the slack out of it. But 
you can do it. Use a turnbuckle. The turnbuckle 
is an application of the screw. See figure 5-5. If 
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* Figure 5=5,— A turnbuckle^ 



you turn it in one direction, it takes up the slack 
in a cable, Turnii^ it the other way slacks off 
on the cable. You*ll notice that one bolt of the 
turnbuckle has left-hand threads, and the other 
bolt has right-hand threads. Thus, when you turn 
the turnbuckle to tighten up t^e line, both bolts 
tighten up. If both bolts were right-hand tbj^ead-- 
standard thread— one would tighten *while the 
other one loosened an equal amount. Result^no 
change in cable-slack. Most turnbuckles have the 
screw threads out to provide a large amount of 
frictional resistance to keep the turnbuckle from 
unwinding under load. In sdme^ases, the turn- 
buckle has a lock nut on each of the screws to 
prevent slipping. You'll find turnbucldes used In 
a hundred different ways afloat and ashore* 

Ever wrestled with a length of wire rope? 
Obstinate and unwleldly, msn'i. it?Riggers have 
dreamed up tools.to help subdue wire rope. One 
of these tools— the rigger^s vise— is shown in 
figure 5-6. This rigger's vise uses the great 
mechanical advantage of the screw to hold the 
wire rope while the crew splices a thimble--a 
reinforced loop--onto the end of the cable. Rotat- 
ing the- handle causes the jaw on t^hat screw to 
move itt^or out along its grooves* This machine 
is a modification of the vise on a workbench. 
Notice the right-hand and left-hand screws on 
the left-hand clamp. 

Figure 5=7 shows you another use of the 
screw. Suppose you want to stop a winch with 
its load suspended in mid-air. To do this, you 
need a brake. The brake on most anchor or 
cargo winches consists of a metal band that 
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Figure 5-6. --A rigger's vise" 
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Figure 5-7.— A friction brake. 

tncircles the brake drum. The two ends of the 
band are faitened to nuts connected by a screw 
attached to a hand wheel. As you turn the hand- 
wheel, the screw puUa the lower end of the band 
A Up toward its upper end &t The huge M,A. of 
the screw puts the squeeze on the drum, and all 
rotation of the drum is stopped. 

One type of steering gear used on many small 
^ ships^and as a spare steering system on some 
larger ships— Is the screw gear. Figure 5-8 




( I 
\ I 
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Figure 5-8.^The screw gives a tremendous 
mechanical advantage. 



shows you that the ^eel turns a long threaded 
shaft. Half the threads^those nearey the wheel 
end of this shaft— are right-hand threads. The r 
^ other half of the threads-^those farther from the 
wheel--are left-hand threads. The nut A has a 
right-hand thread, dnd nut B has a ieft^hand 
thread. Notice tlmt the cross head whichturns the 
rudder is connfcted to the nuts by two steering 
arms. If you stand in front ^of the wheel and 
turn h in a clockwise direction^to your right— 
arm A* moves forward and arm B moves back- 
^ ward. This turns the rudder counterclockwise, 
^Bo that the ^ ship swings In the direction you " 
turn the wheel. There is a great mechanical 
advantage to this steering mechanismr 

Figure 5-9 showsl^ou another practical use 
of the screw. The quadrant davit makes it pos- 
sible for two men to put a large life boat oVer 
the side with little effort. The operating handle 
is attached to a threaded screw whiq|i passes 
through a traveling nut. If the operating handle 
is cranked in a counterclockwise direction (as 
you face outboard)j the nut travels outward 
along the spnew. The traveling nut is fastened 
to the davit arm by a swivel. The davit arm a^id 
the boat swing outboard as a result of the out- 
ward movement of the screw. The thread on that 
screw is the self-locking type— if you let go of 
the handle the nut remains locked in position. 
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Figure 5-9.— The quadrant davit. 
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mmcit If tick? Of jeourf t you came outTrtth lome 
parta Ifift Wtr whan you got it back tc^ether 
agairi. AiKi ttty probably Includtd a few ftar 
imtels. &^r« art used in many machlnei. Fre- 
quentiy thfe gears are hlddeft from view in a pro^ 
tective case filled wltti grease or oil, and you 
"Stty mt set them , 

An egg beater gives you a simple demon- 
stration of toe three things that gtari do. They 
can change the directiCHi of motion; increase or 
decrease the speed of the applied motion; and 
magnify or reduce the force which you apply. 
Gears also give you a positive drive. There can 
b#, and usually is, creep or slip In a belt drive. 
But gear teeth aje alwaysinmeshjandthere can 
be no '^.reep and slip, * « i 

Follow the directional changes in figure 6-1. 
The crank handle Is turned in the direction indi- 
cated by the arrow-clockwise, when viewed from 
the right. The 32 teeth on the large vert<^al 
wheel A mesh with tlit 8 teeth on the right- 
hand horizontal wheel B, which rotates as indi- 
cated by the arrow. Notice that as B turns in a 
clockwise direction, its teeth mesh with those of 
wheel C and MUse wheel C to revolve in the 
opposite direction. The rotation of the crank 
handle has been transmitted by geari to the 
beater blades, which also rotate. 

Now figure out how the gears change tha 
speed of motion. There are 32 teeth on gear A 
and 8 teeth on gear B. But the gears mesh, so 
tiiat one complete revolution of A results m 
four complete revolutions of gear B, And since 
; gjprs B and C have the same number of teeth, 
i .q^ 'revolu^n of B results in one revolution of 
^^C, I'hus the blades revolve four times as fast 
as the crank handle, 
e In chapter 1 you learned that third- class 
levers increase speed at the expense of force. 
The same thing happens with this egg beater. 
The magnitude of the force is changed. The 
force required to turn the handle is greater than 



the force appli^Jo the frosting by toe blades. 
Therefore a mechantcaT a^mwrof lesi than 
one results. 

TYPES OF GEARS 

When too Shafts are not lying In ttie same 
straight line, but are parallel, mrtton can ba 
transmitted from one to toe other by means of 
spur gears. This setup is showi hi figure 8-2. 

Spur gears are wheels wlto^mating teeth 
cut in their surfaces so that one can turn toe 
other without slippage. Wien the mating teeto 
are cut so that toey are parallel ts the axis 
of rotation, a^ shown in flgure 6-2, the gears 
are called straight spur gears. 

When two gears of unequal size are meshed 
together, toe smaller of the two la usxiaUy 
called a pinion. By unequal s^e, we mean an 
unequal number of teeth causlr* pne gear to 
be of a larger diameter than the other. The 
teeth, themselves, must be of the same mize jn 
order to mesh properly. 

The most commonly used type are the 
straight spur gf ars, butk quite often yoi^ll run 



across anotherji type offspur gear called the 
helical spur gear, .. 

In helical gears the teeth are cut slant- # 
wise across the working face of the gear. One 
end of the tooth, therefore/ lies ahead of the 
other. In other words, each tooth has a lead* 
ing end and a trailing end. A look at these 
gears in figure 6-3A ^11 show you how they're 
constructed. 

In the straight spur gears the whole wiam 
of the teeth comes In contact at the same time. 
But with helical (spiral) gears contact between 
two teeto starts first at the leading ends and 
moves progressively across toe gearfacesu^ 
the trallli^ ends are In contact. This kind of 
meshing action keeps toe gears in constant 
contact with one another. Therefore, less lost 
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Flgurt 6-1.— A s 
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e gear arrangement. 



motion and amoother, quieter action is possible^ 
One diiadv|ntage of this helical spur gear Is the 
tendency of each gear to thrust or push axially 
on it a shaft. It is necessary to put a special 
thrust bearing at the end oMhe shaft to counter- 
act this thrust. 

Thrurt bearings are not needed if herringbone 
gears like those shown in figure 6-4 are used. 
Since the teeth on each half of the gear ^re cut 
hi opposite directions, each half of the gear 
deveiopi a thrust i^ich counterbalances that ^ 
the other haW, You'll find herringbone gears used 
mostly bitt heavy machinery* 
'\ Figure 6-3 also shows ybu three other gear 
arrang ementa in common use. 

The interiml gear in figure 6-3B has teeth 
on the inside of a rii^, pointing in^rd toward 
the axtg of rotation. An internal gear is always 
meshed ^ith an ext.ernal gmv^ or pinion, whose 
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Figure 6-2*^Spur gear^ coupling two 
parallel shafts;^ 



center is offset from tht center of the interml 
gear. Either the internal or pinion gear can be 
the driver gear, and the gear ratio is calculated 
the same as for other gears^by counting teeth. 
Often only a portion of a jear is needed 
where the motion of the pinion Is limited, In 
this case the sector gear (fig, 6-3C) is used 
to save space and material. The wick and pinion « 
in figure 6-3D are both spur gears. The rack i 
may be considered as a piece cut from a gear 
with an extremely large radius. The raek-and* 
pinion arrangement is useful in changiiig rotary 
motion into linear motion, 

THE BEVEL GEAR, -So far most of the^ 
gears you've learned about transmit motion"^ | 
between parallel shafts. But when shafts are 
not parallel (at an an^e), anbtter type of gear 
' is used--- the bevel gear. This type of gear 
can TOnniBCt shafts lying at any given angle 
because they cati be beveled to suit the angle. 

Figure 6-5A shows a -special case of the 
bevel gear— the miter gear, A^air of miter 
gears fs used to connect shafts having a 90^ 
ar^le, -^^ich means the gear faces art beveled 
at a 45® an^le, ^ 

You can see in figure 6-5B^ how bevel 
gears are designed to^in shafts at any angle. 
Gears cut at any angle other than 45" are 
called just plain bevel gears. 
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Figure 6-3.— Gear types. 



Thm gt^f. shown in flgurf 6-5 aye called 
rtrai^t bevrt gearg, beeauit the whole width 
^ ©ach tooth eomes In contact with the mating 
tooth mi ttie Mme time. However, you'll also 
rtm acrofs Jigptral bevel gears with teeth cut 
so as to have advanced and trailing ends. 
Figure 6-6 shows you what spiral bevel fears 
look like. They hay© the same adva^aj es as 




other iplral (helical) gears-less^ lost motion 
and smoother, quieter operation.. ^, 

THE WORM AND WORM WH^EL.-Worm 
and worm-wheel combinations, like thote in 
figure 6-7, have many uses and advanMg;as. 
But It's better to understand their operatlrg 
theory before learning of their upea and ^- . 
vantages. 

Figure 6-7A shows the action of a single- 
tteead worm. For each revolution of the worm. 
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rigurt 6-4.AHitri^bone gear. 



B. BEVEL GEAR 
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Figure 6-5.— Bevel gears. 
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Figure 6-6 Spiral bevel gears. 



the worm wheel turns one tooth , Thus If the 
worm-wheel has 25 teeth the gear ratio is 25:1, 
Figure 6-7B shows a double- thread woritrf 
For each revolution of the worm in this casfej 
the "worm wheel turns two teeth. That mak^ 
the gear ratidi..25:2 if the^ worm wheel has 25 
teeth. 

Likewis€j a triple- threaded worm would turn 
the worm wheel three ;teeth per revolution of 
the worm. ^ 

j^A worm gear is really a combination of 
a screw and a spur gear.. Tremendous me- 
chanical advantages can be obtained with this 
arrangement. Worm drives can also be de- 
signed so that only the worm is the driver^ the 



Spur caimot drive the worm. On a hbist, foir 
'example^ you can raise or lower the load by . 
pulling on tt« chain which turns the worm^^ But • 
if you let go^f the chain, the load earinqtldrive 
the spur gear and let the load drop tath.e deck* 
This is a non-reversing worm drive. , ' ; 

CHANGING DIRECTION WITH GEARS ■ , 

No doubt you know that the crankshaft .in an 
automobile ermine can turn indnly one,dlr#ctlon. 
If you want the car to go back^rds, th(i*^ect 
of the er^lne*s rotation must be reversed/ This 
is done by a reversing gear inthe transihisslon, 
not by reversing the direction in whlch^th#. 
crankshaft turns. ' . 

A study of figure 6-8 will show you ho'^ gears 
^re used to change the direfitiongf motlpn. Thts; 
ik a schematic diagram of the sifht moimtson a, 
Navy gun. If you crank the range-adjqsting' 
.^iftndle A in ^lockwise direction the gear B di- 
rectly abov# it is made to rotate in a counter- 
clockwise direction. This motion causes the two 
pinions C and D on the shaft to turn in the same 
direction as gear B against the teeth cut in 
the bottom of the table; The table is tipped 
in the direction indicated by the arrow. 

As you turn the deflection-adjustlnf handle 
E in a clockwise direction the gear F directly 
above it turns in the opposite direction. Since 
the two bevel gears G and H are fixed on the 
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Now, if you turn A at a speed «f four rtvolu* 
tlons pet second, will be rotated at one 
revpiutlon per second, Wheel C also.mdvei 
at one revolutloff per second,^qd cauiei D to 
turn at two rtvolutiona pfr Kcond, You get 
but twQ r^olutions ^per seconS after having 
put in fourj4»evolutioni per ^second* - Thus the 
oyerill speed reduction is 2/4--or l/2--^ich 
means tiiat you^ fot hklf the sp|ed out ol^e 
laat Slriven ^eel that you put tatb the first 
driver wheeL . ^ 

You can solve any gear spied-reduction 
prbtlem* Witt this form^a-- 

T • ■ 

" " , , = - - 1 

where \ . 

S j ^ ed of first shaft in train 

S^^ speed of last shaft in train 

Ti^ product of teeth on all drivers 

Tg * product of teetti on all driven gears 

Now use the formula on the gear train of 



0haftwith F, they also turn. These bevel gears,' figure 6-8. 
%e;4hini with the horizpntal tievel gears land 
' ij^cause I and J; to swinithe front ends of the I 
tele^opes to the ^i|ht.v^Nch^^ with a simple 
system of gears, ' it ip jfspssible to keep the two 
telescopes pointtf at a, moving Jarget, .In this 
and many other prac^cal application^, geara 
serve one. purpose-^to change the direction of ^ 

CHANGING SPEED 



As you've already seeh iri.jhe egg-beatef, 
gears eaifbe used to change the speed of motion, 
Another^example of thl$; us# of gears is found 
*ln your clock or watch-; The mainspring slowly 
'unwinds and causes the hour hand to make one 
revolution in 12 hours. Through a serlea=ror 
train^of gears, the minute hand rtiakes one 
revolution each hour, while the second hand 
goes around pnce per minute. 

Figure 6-9 will help you to understand how 
speed ctar^ti are made possible, ^^^ eel A 
has 10 teeth "which mesh with the^^B^th on 
^ wheel Wheel A will have to "^^e four 

times to cause B to make one revblution. 
meel d is rigidly fiked on the sim^ shaft with 
B. Thus C mai^s the same number of revolu- 
tions as B. However, C has 20 [ teeth, and 
' meshes with wheel D which has only 10 teeth. 
Hence, wheel D turns twice as fast as wheel C. 



4x 



10 X 20 
40 X 10 



« 2 reva* per sec. 
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Figure 6-9. —Gears can change speed of 



applied motion. 
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Almost any increase or decrease in speed 
can be obtained by choosing the correct gears 
for the job. For example, the turbines on a 
ship have to turn at high speeds— say 5800 rpm— 
if they are going to be efficient. But the 
propellers^ or screws, must turn rather slowly — 
say 195 rpm— to push the ship ahead with, 
•^-^riiaximum. efficiency. SOj a set of redact ioit 
■ gears is placed between the turbines and the:^ 
propeller shaft, 

■ ■ When two external gears mesh, they rotate 
in opposite directions. Often you'll want to 
avoid this. Put a third g^ur^ called an icWov, 
between the driver and the driven gear. But 
don't let this extra gear confuse you on s|)euds. 
Just neglect the idler entirely. It dnesn't 
change the gear ratio at all^ and thci formula 
still applies. The' idler merely niakrs tho 
driver .and its driven ^ear turn in tiu:^ sanu^ 
direction. Figure 6-10 will show^ vou how th.is 
works. 

MAGNIFYING FORCE WII'H GEARS 

Gear trains are used to inc-rt'a.se- tlu^ irit'= 
chanical advantau^e. In fart, wljcrt^ver tiiere is 
a speed reduction, t!ie effect ot tlip elt!.)rt \ 'ai 
apply is multiplied. Fook at tlie calde wi\rli ui 
figure 6-11. The crank arni is 30 incMu'S I hiu, 
and the drum on which the cable is wound has a 
15-inch radius. The small pinion uear ' a« 10 



teeth, which mesh with th^ 60tet th on tiic internal 
spur i^cur. You will fin.: it i^asier to fi;rure tiie 
niechaniral advanta^p of this niacliine if you. 
think of it as twu machines. 

Firsts fifuiH^ ait Mu' ^vwr and pini'Ui do 

for you, 13ie tiicoretical nun'haniisil advantau* 
of anv ar r Li^UMani/ut two lii'^^shecl i^nars can be 
fijuiid by tiie foil 'wum iorinula — 

T 

A. (thofuu-iic^il) ^ 

1 

a 

In whu'h, 1' nunihcM' ni ivvth 'm iirivf-n 

V nui'ihrM "f trf^rli driver 
a 

hi this rasr, V 'ui and 1 0. dliun, 

A. {i[Unn\^U{ \\\} - 7^ 

a 

N?nv, lor tUc father part nf t iu- nuichm* , whi^'h 
IS u siniplr wh*M'U:int"'-:ixlc^ a rrLiniuaiu-nt ci>\\- 
sisnuu, of tin '■r;aik ..iiii wnd tht druni. i'ui'^ 
Uu;uretu'ul niccaianLcJ a-K^intaue nf diis l>v 
fuuncl ])y di\^: !inL; th*- d^^Jtani c the eff^u^t n:i')\^ns— 
2;;H— in ni;;kinu ■ 'im c-finiph-t revoluTionj ]>y the ^ 
distLiiun^ ihc' c^abb is drawn ui- one i"ovoiation 
! )( tiio drum— 2 - r . 



IDLER ! 
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Figure 6-11. — This magnifies your effort. 



You know that the total, or overall, theoret= 
leal mechanical advantage of a compound ma- 
chine is equal to the product of the mechanical 
advantages of the several simple machines 
that make it up. In this case you considered 
the winch as being two machines— one having 
an M. A, of 6j and the other an M. A. of 2. 
Therefore, the over-all theoretical mechanical 
advantage of the winch is 6 x 2, or 12. Since 
friction Is always present, the actual mechanical 
advantage may be only 7 or 8. Even so, by 
applying a force of 100 pounds on the handle, 
you could lift a load of 700 or 800 pounds, 

Yc)u use ^ears to produce circular motloi^ 
But you often want to nhange rotary motion 
.^to up-and-down or linear motion. You can 
use caiiis to do this. For example— 

The cam shaft in figure 6-12 is turned by 
the gear, A cam is keyed to the shaft and turns 
With it. The cam has an irregular shape which 
is designed to move the valve stem up and 
dowUj giving the valve a straight-line motion as 
the cam shaft rotates. 

When the cam shaft rotates, the high points 
lobe— of the cam raises the valve to Its open 
position. As the shaft continues to rotate, 
the high point of the cam is passed and the 
valve Is lowered to closed position. 



A set of cams, two to a cylinder, driven by 
timing gears from the crankshaft operate the 
€xhaust and Intake valves on the gasoline auto- 
mobile engine as shown in figure 6-13. Cams 
are widely used in machine tools and other 
devices to make rotating gears and shafts do 
&ii-and-down work. 

SUMMA.iV 

d 

These are the important points you sliould 
keep In mind about gears— 

Gears can do ^ job for you by changing the 
direction, speed, or sl2eof the force which 
you apply. 

Wl)en two external gears mesh, they always 
turn in opposite directions. You can 
make them turn in the same direction by 
placing an Idler gear between the two. 

The product of the number of teeth on each of 
the driver g^rs, divided by the product of 
the number of teeth on each of the driven 
gears, gives you the speed ratio of any 
gear train. 

The theoretical mechanical advantage of any 
gear train is the product of the number Of 
teeth on the driven gear wheels, divided 
by the product of the number of teeth on 
the driver gears. 

The overall theoretical mechanical advantage 
of a compound machine is equal to the 
product of the theoretical mechanical 
advantages of all the simple machines 
which make It up. 

Cams are used to change rotary motion Into 
linear motion. 

One of the gear systems you'll get to see 
frequently aboard ship Is that on the anchor 
winch. Figure 6-14 shows you one type In which 
you can readily, gee how the \yheels go 'round. 
The driving gear A Is turned by the winch engine 
or motor. This gear has 22 teeth, which mesh 
with the 88 teeth on the large wheel B. Thus, 
you know that the large wheel makes one revolu- 
tion for every four revolutions of the driving 
gear A. You get a 4-to- 1 theoretical mechanical 
advantage out of that pair. Secured to the same 
shaft with B is the small spur gear C, covered 
up here. The gear C has 30 teeth which mesh 
with the 90 teeth on the large gear D, also 
covered up. The advantage from C to D Is 
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Figure 6^12, ^Cam-driven valve. 



3 to 1. The spi^ocket whf^l to the far left, on 
the same shaft with i^s^'lled a wildcat. 
The anchor chain is drawn up over this. Every 
second link is caught and held by the protrud= 
ing teeth of the wildcat. The overall mechanical 
advantage of the winch is 4 x 3, or 12 to 1. 

Fi^re 6-15 shows you an application of the 
rack and pinion as a steering mechanism. Turn- 
ing the ship's wheel turns the small pinion A. 
This pinion causes the internal spur gear to 
turn. Notice that there is a large mechanical 
advantage in the arrangement, 

Now you see that center pinion P turns. It 
meshes with the two vertical racks. When the 
wheel is turned full to the right, one rack moves 
downward and the other moves upward to the 
positions of the racks. Attached to the bottom 
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MEASUREMENT 

You Imow that machines help you to do work. 
But Just what is work? Work doesn't mean 
simply applying a force. If that were so, you 
would have to consider that Big-Boy, busily 
applying his 220-pound force on the sea bag in 
figure 7-1 Is doing work. But no work is being 
done! 

Work, In the mechanical sense of the ternij is 
done when a resistance is overcome by a force 
acting Uirough a meaaureable distance. Now, if 
Big-Boy were tollft his 90-pound bag off the deck 
and put It on his bunk, he would be doing work. 
He would be overcoming a resistance by applying 
a force through a distance. 

Notice that two factors are involved— force 
and movement through a distance. The force is 
normally measured in pounds, and the distance 
in feet. Work, therefore, is commonly measured 
in units calltd foot-pounds. You do one foot- 
pound of work when you lift a one-pound weight 
through a height of one foot. But— you also do 
one foot-pound of work when you apply one 
pound of force on any object through a distance 
of one foot. Writing this as a formula, it 
becomes— 

WORK ^ ^ FORCE ^ DISTANCE 
(foot-pou_nds) (pounds) (feet) 

Thus, if the sailor lifts a 9 0-pound bag through 
a vertical distance of 5 feet, he will do- 

WORK - 90 X 5 - 450 ft -lb. 

There are two points concerning work that 
you Should get straight right at the beginning. 

First, in calculating the work done you meas- 
ure the actual resistance being overcome. This 
is not necessarily the weight of the object hBim 



moved. To make this clear, look at the job the 
bluejacket in figure 7-2 is doing. He is pulling 
a 900-.pound load of supplies 200 feet along the 
dock. Does this mean that he^is doing 900 times 
200, or 180,000 foot-pounds of work? Of course 
not.' He isn-t working against the pull of gravity- 
or the total welght--of the load. He's pulling 
only against the rolling friction of the truck, 
and that may be as little as 90 pounds, That is 
the resistance which is being overcome. Always 
be sure that you know what resistance is being 
overcoilie by the effort, as well as the distance 
through \^rfilch it is moved. The resistance In one 
case may be the weight of the object; In another 
it may be the frictional resistance of the object 
as it is dragged or rolled along the deck. 

The second point to hold in mind is that you 
have to move the resistance to do any work on it. 
Look at Willie In figure 7-3. The poor guy has 
been holding that suitcasefor the past 15 minutes 
waiting for the bus. His arm is getting tired; but 
according to the deflnltiOTi of^Ork, he Isn't 
doing any-^because he isn't mo^|Hj the suitcase. 
He is merely exerting a force apraist the pull of 
gravity on the bag- 

You already toow about the mechanical ad- 
vantage of a lever. Now consider it in terms of 
getting work done easily. Look at figure 7-4. 
The load weighs 300 pounds, and you want to 
lift it up onto a platform a foot above the deck. 
How much work must you do on it? Since 300 
pounds must be raised one foot, 300 times 1, 
or 300 foot-pa^nds of work must be done. You 
can't make this weight any smaller by the use 
of any machine. However, If you use the eight- 
foot plank as shown, you can do that amount of 
work, by applying a smaller force through a 
longer distance-. Notice that you have a mechan- 
ical advantage of 3, so that a 100-pound push 
down on the end of the plank will raise the 300- 
pound crate. Through how long a distance' will 
you have to exert that 1 OO-pound push? Neglecting 
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frlction^and in this case you can safely do soo- 
the work done on^he machine 1§ equal to the 
work done by the m^hine. Say it this way- 
Work put in =lwork put out. 

ind since Work - force x distances you can 
substitute ^^force times distance" on each side 
of th^ work equation. Tnua— 



times 



Figure 7^1,— No work is being done. 



times 

in wriichj 

F effort appliedj in pounda 
Si/^ distance through which etfo^t moves, in 
feet 

1*2 ^ resistance overcome, in pounds 
32 ^ distance resistance is moved, in feet 
Now ijibstitute the known values, and you obtain--* 

100 times ^ 300 times 1 



^ 3 feet 




1 



V 
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Figure 7-2 Working against friction. 
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Figure 7-3*— No motion no work. 
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And by gubstltuting the toiown values- 
120 X S ^ 600 X 20 

^ 100 feet, / 

This means that he has to pull 100 feet of 
rope through his hands in order to raise the load 
20 feet. Again, the advantage lies in the fact that 
a relatively small force operating through a 
large distance can move a big load through a 
small distance. » 

The sailor busy with the big piece of machin- 
ery in figure 7-6 has his work cut out for him. 
He is trying to seat the machine square on its 
foundations. The rear end must be shoved over^ 
one-half foot against a frictiMial resistance of 
1,500 pounds. The amount of pork to be done is 
l'50tol/2, or 750 foot-poundL He will have to do 
at least this much work on tlU Jack he is using. 
If the Jack has a 2 1/2-foot hanille-R s 2 1/2 ft - 
and the pitch of the jack screw is 1/4 inch, he 
can do the Job with little effort. Neglecting fric- 
tion, you can figure it out this way-- 

Work input = work output 



In which 



it 



1 



The advantage of using the lever is not that it 
makes any less work for you, but that it allows 
you to do the Job with the force at your command , 
You-d probably have some difficulty lifting 300 
pounds directly upward >;^athout a machine to help 
you! 

A block and tackle also makes work easier. 
But like any other machine, it canH decrease 
the total amount of work to be done. With a rig 
like the one shown in figure 7=5, the bluejacket 
has a mechanical advantage of 5, neglecting fric- 
tion. Notice that five parts of the rope go to and 
from the movable block. To raise the 600» 
pounaribad 20 feet^ he needs to exert a pull of 
only 1/5 pf 600— or 120 pounds. But— he isgoing 
to have t/pull more than 20feetof rope through 
his hands in order to do this. Use the formula 
agairilo figure why this is so- 
Work input work output 



F 



force in pounds applied on the handle; 
distance, in feet, that the end of the 

handle travHf'in one revolution; ^ 
resistance tg be bvercome; 
distance in to*t,tJftat head of jack is ad- 
^ vanced by,pl^ , revolution of the screw. 
Or, the pitch of the screw. 
And, by substitution, 

F^ X 2R^t500 X 1/48, 



since 1/4*^ 




^#2x2.1/ 



1/48 of a foot 
500 X 1/48 



2 pounds 

The jack makes it theoretically possible for 
the sailor to exert ^ l;5O0-pdund push with a 
2^pound effort, but look at t^'e distance through 
which he must appay- tlmt .eMort. One complete 
turn of the handle rfepresentii a. distance of 15.7 
feet- That 15.7-f6ot rotation advances the piece 
of machinery only 1/ 4th pf An,lnch«or l/ 48th 
of a foot. Force is c gained at thfe expense of 
distance. . * 
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Figure 7-4.— Push'em up. 



FRICTION 



You are going to push a 400*pound crate up a 
12-foot plankj the upper end of which is 3 feet 
higher than the lower end. You figure out that a 
100-pound push will do the job, since the height 
the crate is to be raised is one-fourth of the 
distance through which you are exerting your 
push. The feeoretlc^^ faecha advantage is 4. 
;And - then ^ypu piish 100 poUnd^ worth. Nothing 
happens! You'v.e forgbtten that there is friction 
betw0en the surface, of the ate and the sur- 
face df the pWn^* . This trtfctfon: acts as a 
resistance to the moVement of fli^/tf^ 
you must overcame this ifesistiho^^td i^^ the 
crate. In f^ct, you fhlght hgtv ^;^t6 pu^ much 
as ISC^psunds to movetj^t, FiJty ^OtoS^^ would 
be used to overcom:4vithp Jiiicyohkl'Cj6fe 
an& the remaining 100 piuActe'wpi^^fei' th use- 
ful push thg' 'voul4^ ma^S^'^^f-etete up the 
plank, ^ K:./-: - 

Friction is the resistance that one surface 
offefs to its movement- over another surface. 
The amount of friction depends upon the nature 
of the two surfaces, and the forces which hold 
them together. 



In many instances friction is useful to you. 
Friction helps you hold back the crate from 
sliding down the inclined ramp. The cinders you 
throw under the wheels of your oar when it's 
slipping on anicy pavement increase the friction. 
You wear rubber- soled shoes in the gym to keep 
from slipping. And lodpmotives carry a supply 
of sand which can be dropped on the tracks in 
front of the driving wheels to increase the fric* 
tion between the wheels and the track. Nails hold 
structures together because of the friction be- 
tween the nails and the lumber. 

Wien you are trying to stop or slow up an 
object in motion, when you want traction, and 
when you want to prevent motion from taking,' 
place, you make friction work for you, But when 
you want a machine to run smoothly and at high 
efficiency, you eliminate as much friction as pos- 
sible by oiling and greasing bearings, and honing 
and smoothing rubbing surfaces, 

Wlierever you apply force to cause motion, 
friction makes the actual mechanical advantage 
fall short of the theoretical mechanical advan- 
tage. Because of friction, you have to make a 
greater effort to overcome the resistance which 
you want to move. If you place a marble and a 
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Figure 7-5, block and tackle makes 
work easier. 



lump of sugar on a table and give each an equal 
push, the marble will move farther. This is be- 
cause rolling friction is always less than sliding 
friction- You take advantage of this fact whenever 
you use ball bearings or roller bearings. See 
figure 7-7, 

Remember that rolling friction is always less 
than sliding friction. The Navy takes advantage 
of that fact. Look at figure 7-8. This roller 
chock not only cuts down the wear and tear on 
lines artd cables which are run through it, but— 
by reducing friction— also reduces the load the 
winch has to work against. 

The roller bitt in figure 7-9 is another ex^ 
ample of how you can cut down the wear and tear 
on Tines or cable and also reduce your frictional 
loss. 

When it is necessary to have one surface 
move over another, you can decrease the fric- 
tion by the use of lubricants, such as oil, grease, 
or soap. You will use lubricants on flat surfaces^ 
gun sTicies for exam.ple, as well as on ball and 
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Figure 7-6.— A big push. 



roller bearings, to further reduce the frictional 
resistance and to cut down the wear. 

Don't forget that in a lot of^situations fric- 
tion is mighty helpful, however. Many a blue- 
Jacket has found out about this the hard way— 
on a wetj slippery deck. On some of our ships 
you'll find that a rough-grained deck covering 
is used, He¥e you have friction working for you. 
It helps you to keep your footing. 

i 

EFFIClENeY 

Up to this point you have been neglectingthe 
effect of friction on machines. This make^t 
easier to explain machine operation, but you 
loiow from practical experience that friction is 
involved every time two surfaces move against 
one another. And the work used in overcoming 
the frictional resistance does not appear in the 
wol^k output. Since this is so, it's obvious that 
you have to put more work Into a machine than 
you get out of it. In othfer words, no machine is 
100 percent efficient. 

Take the Jack in figure 7-6, for example, i he 
chances are good that a 2= pound force exerted on 
the handle wouldn't do the Job at all. More like^ 
a pull of at least 10 pounds would be required 
This indicates that only 2 out of the 10 pounds, 
or 20 percent of the effort is usefully employed 
to do the job. The remaining 8 pounds of effort 
were consumed in overcoming the friction in the 
jack. ThuSj the jack has an efficiency of only 20 
percent. Most ja* ks are inefficiont, but ev« 
with this inefficiency^ it is possible tp deliv* 
a huge push with a small amount of effort. 
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BASIC MACHINES 






, 12.50 

Figure 7-7.^These reduce friction. 

A simple way to calculate the efficiency of a 
machine is to divide the output by the inputs 
convert to percentage 

CXitput 



Efficiency ^ 



Input 



Now go back to theblock=and-tackle problem 
Illustrated in figure 7-5. It's likely that instead 
of being able to lift the load with a 120-pound 
pullj the bluejacket would perhaps have to use a 
160-pound pull through the lOOfeet. You can cal- 
cylate the efficiency of the rig by th^foUowing 



method— 
Efficiency 



output 
input 



and, by substitution^ 



^ li^^TW-O 75 ur 75 percent. 
160 X 100 - 

Theoretically, with the mechanical advantage 
of twelve developed by the cable winch back in 
figure 6-11 you should be able to lift a 600- 
pound load with a 50-pound push on the handle, 
if the machine has an efficiency of 60 percent, 
how big a push would you actually have to apply? 



Actually, 50-^ 0.60 83.3 pounds. Youcanehec^ 
this yourself in the following manner— 

= = Output 
Efficiency = 



One revolution of the drum would raise the 
BOO-pound load a distance Sg of 2?rf or 7.85 
feet. To make the drum revolve once, the pinion 
gear must be rotated six times by the handle; 
and the handle must be turned through a distance 
Sj of BxSttR, or 94,2 feet. Then, by substitution— 



44 



0, 60 



. ^ 600 X 7,85 
1 " 94. S X 0.60 



600 X 7.85 
X 94.2 



F 



1 



83. 3 pounds. 




Figure^?- 8. — It saves wear and tear 
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Chapter 7^ WORK 



Btcause thli nmohlne is only 60^i^earc#nt ef- Fr 
ftrtrtk, yeu tevt to t4,a3c83.3, or 7,847 foot- 
pounda of work Into It in order to get 4,710 
foot-pounds of work out of it. The difference— 
7,84 7--4, 710-3, 137 foot-pounds--ls used to over- 
come friction within tiie machine. 



' I - V if SUMMARY 

Here are some of the important points you. 
should remember about friction, workj and 
^flficiency^ 

You do work when you apply a force against 
a resistance and move the reBistance. 

Since force— nteasured in pounds— and 
distance— measured in feet— are involved, 
work IS measured in foot-pounds. One 
foot-pound of work is the result of a one- 
pound forcei acting against a resistance 
through a distance of one foot. 

Machined help you to do work by making it 
possible to move a large resistance 
through a small distance by the applica- 
tion of a small f^^e through a large 
distance- 

Since friction is present In all machinesj 
more work must be done on the machine 
than the machine actually does on the load. 

The efficiency of any machine can be found 
by dividing the output by the input. 

The resistance that one surface offers to 
movement over a secpnd surface is called 
friction = C— 
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CHAPTER 8 

POWERS 



It's all very well t^talk about hpw much 
work a man can do, but the payoff Is how long it 
takes him to do It, Look at ^'Lightning'' in 
figure 8-1, He has lugged 3 tons of brtoks up to 
the second deck of the new barracks. However, 
It has taken him three 10-hour days— 1800 
miiiutes^to do the job, Mralsingthe 6000 pounds 
15 fiet he dlcl 90,000 foot-pounds of work. 
Remember— force X distance =work* Sincrittook 
him iffOO minutes, he has been working at the 
rate of 90,000=^1800, or 50 foot-pounds of work 
per minute, 

ITiat's power ^t^i^ rate of doing #ork. Thus, 
power always includes th| time element. Doubt-' 
less you could do the same amornit of work .in one 
10-hour day^ or 600 minutes— which wquldmean 
that you would work at the rate of 90, qOO 4^600 
i 150 foot+pounds per minute. You th^n: would 
have a poster value three times as great as that 
of *^Wghtning." ^ . 
^ By formula— 



Power 



Work, in ft- lb 
Time, in minutes 



HORSEPOWER 



You measure force in pounds; distance in 
feet; work in, foot-pounds. What is the commqn 
unit used for measuring power? The horsepower^ 
If you w^l to tell someone how powerful an 
engine iSj yOU could say that it is so many times 
more powerful than a man, or an ox, op a horse. 
But wl^t' man, and whose ox or horse? James 
Watt, thii fellow who invented the steam engin^e, 
compared his early models with the horse. By 
experiment, he found that an average horse could 
lift a 330-poun4 load straight up through a dis- 
tance of lOO.feet^n one minutei Figure 8-2 shows 
you the type::^'rig he used tb find this out. By 
agreement ari\dhg scientists, tMtfigur 
foot-pounds of work done in yOne minute has been 



accepted as tne standard unit of powtr, and it 
is called a horsepower --hpr , ^ ^ 

Since there are 60 seconds in a miirte, one 

hors^bwer is also equal to^^^ = 550 foot- 
pounds per second. By formula— 



Horsepower 



Power (in ft- lb per min) 
33,000 



CALCULATING POWER 

It isn't difficult to fi^e how much pbwer Is 
needed to do a certain job in a given length of, 
time, nor to -^t edict what size engine or motor Is^ 
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Figure 8-1 
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Figure 8-2. -^One horsepower. 
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needed to do it. Suppose an anchor winch must 
raise a 6,600-poun,d anchor through 120 'feet in 2 
minutes, What/muat be the theeretical horse^ 
power rating of the motor ofx the winch? 

The first thing to do is to find thje rata at 
which the work must be done. Vou see the 
formula— 



Power ^ 



work _ force x distance 



time 



time 



Substitute the taown values in the formula, 
and you get^ 

pp^et ^ 6,600 X 120 ^ 396, OOO fVlb/min 

So far, you know that the winch must work at 
a rate of 396,000 ft -Ib/min. To change this 
rate to horsepower, you divide by the rate at 



which the average horse can worjc*^33j000ft-lb/ 
min, 



Horsepower 



Power (ft-rb/min) 
33, 000 

396/oQO ^ 
33,00b 12 hp. 



Theoreticallyj the winch would have to be able 
to work at a rat^' of 12 horsepower in order to 
get the anchor raised in 2 minutes. course, 
you've left outi all friction in this problem, so 
the winch motor would actually have to be larger 
than 12 hp. 

Planes are raised from the hangar deck to the 
flight deck of a carrier on sm elevator. Some 
place along the linej an engineer had to figure 
out how powerful the motor had to be in order 
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to riiie totf elevator, tt^i not too tough When you 
toow hOT. AHott a wefeit ht 10 toni for the 
elevator; and 5 tOM for the plane* Siippose that 
you want to ridse the fteVator and plane 25 feet 
In 10 leoondi/ And that toe o verbal etficiency of 
th# elevator miChMiim is 70 percent. With that 
^formation you OBn iigvate what the delivery 
horsepower of the motor must be, ^ Set up the 
formulaic 



Power * 



force X distance 



time 



_ power 
'^P : 33, 000 



Substitute the toown values iri their proper 
places^ and you have-- 



4, 500|_000 



136.4 hp. 



S0| 136.4 horsepower would be needed if the 
engine ^pd JOO percent overair efficiency* You 
wmt to use 70 percent efficiency, so you use 
.the formula^ 



Efficiency * 
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Figure 8-3,— A prony brake. 



Input 



136.4 

o;70 



^ 194.8 hp. 



This is the rate at which the engine must be 
able to work. To be on the safe side, you'd 
probably select a 200-horaepower auxiliary to do 
the job. 



FIGURING THE HORSEPOWER RATING 
OF A MOTOR 

You have probably seen the horsepower ratini 
piates on electric motors, A number of methods 
may be used to determine this rating. One way 
that the rating of a motor or a steam or gas 
engine can be fomd is by the use of the prony 
brake* Fl^e 8-3 shoWs you the Prony brake 
setup. A puUey wheel is fixed to the shaft of the 
moto^, ^d a lfa|her belt is held firmly against 
the pulley* Attached to the two ends of the belt 
are sprhig scales. When the motor is standing 
.still, each scale reads the same—say 15 pounds. 



When the pulley turns in a clockwise directions 
the friction between the belt and the pulley makes 
the belt try to move with the pulley, Therefort , _ 
pull on scale A will be greater, and the pull on 
scale B will be less than 15 poimds. 

Suppose that scale A reads 25 pounds, and 
scale B reads 5 pounds. That tells you that the 
drag, or the force against which the motor is 
Working, Is 25="5^20 pounds. In this case the' 
normal speed of the motor Is 1800 rpm (revo- 
lutions per minute) and the diameter of the 
pulley is one foot. 

The number of revolutions can be found by 
holding the revolution counter C against the end 
of the shaft for one minute, This counter will 
record the number of turns the shaft makes per 
minute, Tlie distance D which any point on the 
pulley travels In one minute is equal to the 
circumference of the pulley times the number of 
revolutlons-3, 14kIk18Q0 ^ 5652 ft. 

You know that the motor is rterting a force of 
20 pounds through that distance. The work done 
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"S^ tt^^^ ttli l»€t ttmfs toe has a 1/16-hp motor; a waaMng maeUne a l/i-, r 

a*^#t Ol^ tf^k - Fltp in? motor. 



It -b/sdfit C^Mga tola to horstpoww** 



SmAMARY 



* TOtra iff© two important points for you to 

remember about Power- 
Power li toe rate at wMCh work 1$ done, ^ 
llie imlt in 'which power Ir measured Is toe 

Here are a few ratoigs far motors or engines horsipower, which is equivdent to worldng at a 
irtto itoeh you pm f^lar-.an electolc mixer rate of 33,000 ft^lbper min, or 550ft^ib per sec. 



\ 



49 eJvT 



ERIC 



CHAPTER 9s * 

FOftCE A^ND PRISSURE 



^ ^^^n ttmk ym should havj^ a pretty good 
Idta ofylmt afortalA Aforfce ia a puah^or 1 pifll 
txtrttd^ on^^^by-an object. X^apply a force 
fii^ aiabhlrit^ and th i machine M^ irtranflmitB 
a forci to the lo^liAen and macHpf^fie^sver , 

^apa not 'tti only thingi thW cm iiert forces? If 
^o^*vi been out In a iailbaat yo^ taiow that the 

^ l^d can exert a force* Furthtri you don'4 havr to 
get toiOcked on your tar more than a couple of 
times by the waves to g^t the idea that water, too, 
pm ixert a force* As a matter of fact, from 
r^velire to taps ybu aji almost constaritly either 
exerting forces or rteslsting them, That^i the 
reason you are pooped when you hit the *sack^ 

MEASURING FORCES 

You've had a lot of eKperience in measuring 
forces. You csm estimate or ^guess'' the weight 
, of a packsige you're going to mail by -'hefting" 
it. Or you can put it on a scale to find its weight 
acmirately. Weight is a common tiFm that tells 
you how much force or piUl gravity is eKerting 
on the object. . 

You pan readily measure forcAwith a spring 
scale. M Englishman named Hopke discovered 
that if you hang a l-pound,weight pna spring, the 
spring stretches a certain distanci* A 2-pound 
weight will^extend the spring Just twice as far, 
- and 3 pftimds will len^hen it three times as far 
'as the Impound weight did. Right there is the 
makihgs of the spring scale. All you need^o do 
is attach a pointer- to the spring, put a fate on 
' the scale, and mark on the face the positions of 
the pointer for various loads in pounds br ounces. 
This type of scale canbeusedtofneasure the 
^ : ptdl^ of gravity =-the welght^of an objert, or the 
force of a pull exerted against friction, as shown . 

^e 9-1.' Unfortunately, sprir\gs get tired, 
just ai^ you do.. When they get oldj they don't 
al^vays snap back to the original position, Hnnce 
an old spring or an oveHoaded sprifig will give 
inaccurate readings. ' * 
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HONEST WEIGHT-NO SPRINGS 

,^ ^feecauae springs c^p get tlrtdp pfter types of 
forge-mfMwlrig deuces are made* You've seen 
tbe s^ET^ *Hong^- Wi l g ht^N o ^ p ri^ tte - 

butchershop scales** Scales of tol^s^ypt we 

^hown In figure 9^2, Tliey are application^ of 
first-clan levers. The one shown In figure 
9-2A^s^& simpltst t^e. Stace the dlitanee 
from the fulcyum to the center of each platform 
is equd, the sc^e is balanded when equal weights 
ate place* on ttit platforms. With yom* Imowl* 
edge of levers, you M^ill be able to figure out 
hoTOthe steel yard shown in flfeure 9-2B operates, 

I 'pressure 

Have you ever tried to walk on crusted snow 
that would break through when you pirt your weight 
on it? But you doidd walk on the same snow if 
you put on snawshoes. Further, you^taiow that 
snowshoes do not reduce your weight— they 
merely distribute \t over a larger area, to doing 
this, they reduce the pressure per square inch* 
Figure out how that works. If you weigh 160 
pounds, that weight, or force, is more or less 
/evenly distributed by the soles of yom* shoes> 
TTie "area of the sqles of an average man's 
shoes is roughly 60 square inchoi. Each one of 
those square Inches has to carry 160^0-2,6 
pounds of your weight**. Since 2*6 pounds^ per 
square inch is too much for the sno^^rust, you 
break through. 

When you put 6nth#;Mbwshqes, you distribute 
your weight ove^ a^ area of approximately 900 
sq in!— dependingj of course, on the size of the 
snowshoes* Now the force dn each one of those 
square inches Ms equal to only 160^900=0* Wv- 

, pound. The pressure on the snow has been de- 
creased, the snow can easlly^support you,^ 
' Pressure is force per unit' area— and is ' 
measured, in pnvmds per ^square ii^h— *'psl." 

^ With snowshoes on, you exert a pressi«eqf0,18 
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ngure 9-1.— You can measure force with a scale. 
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psi. To calculatt pressiu'e, divide the force by 
the a^ea over which the force is applied. The 
formvila Is^ 

b - ' ' ■ . 

Force, in lb 

Area^ in aq in 



^essurei in psi 



Or 



■■4 



To get this idea, follow this problem, A tank 
.for holding fresh water aboard a ship is 10 feet 
ImUf 6 fett wide, and 4 feet deep. It holds, there- 
fore, 10x6x4, Or 240 cubic feet of water. Each 
cubic foot of water weigha about 62.5,potmds, 
Hie total force tendlni to push the bottom out 
of the tmk Is equal to tiie weight of the water- 
240x62,6, or 15,000 lb,:What is the pressure on 
the bottom? Since the weight Is evenly distributed 

on the bottom, you apply the formula P ^^ and 

ubrtltute the primer values foi' F and A, In this 
ise, F-15, 000 tb, and the area of the bottom in 



square inches is 10x6x144, since 144 sq 

sq ft, ^ ^ 

15,000 ^ 
10 X 6 X 144 ~ 

Now work oirt the Idea in reverse. You llVe 
^at the bottom of the great sea of air which sur- 
rounds the earth. Because the air has weight- 
gravity pulls on the air, too— the air exerts a 
force on every object wMch It mirrounds* Near 
sea level that force on an area of 1 square Inch 
is roughly 15 pounds. Hius, ttie air-presswe at 
sea level is about 15 psi, TO© pressure gets less 
and Itss as you go up to hl^er ^tltudes^ 

With yow finger, mark out m area of one 
square foot on yow chest. What is the totid force 
which tends to push In yOOT chest? Again use tilt 

formula J* Now substitute ISpslfor P, and 

for A use 144 sq. in. Then F- 144x15, or 2160 
lb. The force on your chest Is 2160 lb psr squMe 
foot --more than a ton pushing against an areaof 
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Figure 9^2»^Balanaea» 



1 sq ft. If teere Wire no air inside yom'^ch^ equal preisiire in all directions, ngure 9-3 

push ouhvard with thi same pressure, yoif d be shows that. Whether the hole is hi the top* tht 
squashed flatter than a bride's biscuit. bottonii or in one of the sides of a submartoe, 

the waier pushes in through the bole. 
MEASUI^G PRESSURE ^ j^^g aboard ship, it Is necessary to 




j 
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Flptfe 9-3. — Fluids exert pressure in all directions. 
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Chapter 9- FORCE AND PRESSXJHE 



tti© sttam preia%ir© ffllidtof aboUir, Oiii device 
to measure preisure lithe Bo^don gage, ihown 
to figwe 9-4. Its worWng prtaclple is the same 
as that of tiiose snakelike paper tubts which you 
git at a New Year's pp^ty* They straighten out 
when you Wow into ttiem* 

to the Bourdon gage there is a thin-walled 
metal tube^ somewhat flattened, and bent into the 
form of a C* Attached to its free end is a lever 
system which mapilfies any motion of the free 
end of the tube. The fixed end of the gage ends in 
a fitttog which is threaded toto the boiler system 
so that the pressure In the boiler will be trans= 
mitted to the tube. Like the paper ^' snake,-' 
the metal tube tends to straighten out when the 
pressure inside it is increased. As the tube 
Straightens, the pointer is made to move around 
the dial. The pressiire, in psi, may be read 
directly on the dial. 

Air pressure and pressures of steam and 
other gases, and fluid pressures in hydraulic 
systems, are generally measured in pounds per 
square toch. For convenience, however, the 
pressure exerted water is commonly meas- 
ured in pounds per square foot. You- U find more 
about this in chapter^ 10. 



The Bourdon gage is a hlgh^ accurate but 
rather delicate tostrument, afj&fip^^be very 
easily damaged. In addition, it dfvelops trouble 
where pressure fluctuates rapidly. To overcome 
this, another type of gage, the Schrader, was 
developed. ^ The Schradey^gage (fig. 9-5) is not 
as accurate as the BoufS^TOt is sturdily con- 
structed and quite suitable for ordinary hydraulic 
pressure measurements. It is especially recom- 
mended for fluctuatini loads^ to tht Schrader 
gage a piston is directly actuated by the liquid 
pressure to be measured, and moves up a 
cylinder against they resistance of a sprtog, 
carrying a bar or indicator with it over a cali- 
brated scale, to this manner, all levers, gears, 
cams, andbeartogs are eliminated, and a sturdy 
instrument can be constructed. 

Where accurate measurements of comparaW 
tively slight pressures are desired, a dia{- 
phragm type gage may be used. 

Diaphragm gages give sensitive and reliable 
indications of small pressure differences. Dia- 
phragm gages are often used% measure the air 
pressure in the space between inner and outer 
boiler casings, to this type of gage, adiaphragn> 
is connected to a pointer through a metal spring 
and a simple linkage system (fig, 9-6). One side 
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Figure 9-4, --The Bourdon gage. 
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Figure 9-6*-^ 
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ragm pressure gag©. 



planned or cancelled on the basis of weather pire^ 
dictions. Accurate weather forecasts are mad^ 
only after a great deal of information has been 
collected by many observers locMBdover a wide 

are^, . ^ , ; 

^e of the instruments used in gathei:ing. 
weather data is the barometer. Remember, the 
air is pressing on you all the timel So-aalled 
normal atmospheric pressure is 14.7 p^. But 
as the weather changes, the air pressure may 
'be greater or less than normal. If the air pres- 
sure is low in the area where VpVarej you .know 
that air from one or more of the surrounding 
high-pressure areas is going TO|<nove in toward 
you. Moving air— or wlnd--is 6n€ of the mast 
Important factors in weather chan|es. Bi general, 
if you're in a low-pressure area you may expect 
wind, rain, and storms* A high-pressure ai^ea 
generally enjoys clear weather.- Tlie barometer 
can tell you the air pressurein your localityj and 
give you a rough idea of what^ kind of weiither 
may be expeeted. 

The aneroid barometer' shown in figiu^f:^ 9 = 7. 
is an instrument wluciy meai^ures.air prt^syure, 
It contains a thin^walled metal box frfuu whiclr 

- V ' 




Figure 9-7,,r^An aneroid barometer. 
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most of the air has, been pumped, A pointer is 
mechanically domiectid to the box by a lever 
system. If the. presswe of, the atmosphere ixir^ 
creases^ it tends to'Sfluee^^^ in the sides of the 
box. This sque^ie causeS' the ppinter to mov§* 
towards the high-priMwe end of the scale. If 
the pressure decr^agM, th© sides of the box ex- * 
pand outward, . This, causes the pointer to move 
toward the loW-presiure end of the diaL 

Notice that the'numbf rs on th^ dlil run from 
27 to 31. ;Tq undfrstand why these particular 
numbers; are-usiBd, you have to understand the 
operation of the mercurial barometer. You see 
one of thesei in figure 9-8, 'It consists of a glass 
tube partly filled with mercury. The upger end 
is closed. There is a vacuum al^ve the mercury 
in the tube, aiicl the lower end of the tube is sub- 
merged in a pool of mercury in an open cup. 
Tlie atrnqsphGre presses down ontMe mercury in 
tilt cup, and tends tu push the mercury up in the 
tube.. The p^eattr the air pressure^ the higher 
the calumn of mercery rises. At sea level/the 
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large u that <A the incDming iteamp and the ^tm** 
bine Wdtdd not turn at ^« To r#dua€ At back 
presstare as mueh as possible i the e^auststaam 
is rm throi^h pipes whioh are syrrouidtd by 
cold sea water, TOs caysta the steam in the 
pipes to cmdenae Into water, and ttie pressitf e 
drops well oelow atmospheric presswe. 

It is Important for tiie engtaeer to taiow the 
pressure in tte condensers at ^ tfmes. To 
measure this reduced presswe^ or pwtl^ vac- 
uum^ he uses a gage called a miuiometer. 
Figure 9-9 shows you how ttis simple device 
is made. A U-shaped tobe has one end connected 
to tiie low-pressiure condenser and the other end 
is open to fte air* TTie tuBi H plfiftly 
colored water, TOe normal air presswe on the 
open end exerts a blfgtr push on the colored 
water than toe push of the low-pressure steam, 
and Uie colored water is forced pwt wayiq? into 
the lefMrm of the tube* From the scale beH^een 
the two arms of the U, the difference in the 
height of tli0 two floiunMis of water cm be read, 
niis ieils the ehg^f er the degree of vacuum^or 
how much below atmospt^ic pressure the 
pressure is in the condensed 
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normal pressure is 14.7 psi,' and the height 
'of the mercury in the tube is 30 inches. As the 
air pressure iicreases or decreases from day 
to day, the height of the mercury rises or falls, 
A merctury barometer aboard ship is usually 
mounted gimbals to keep it in a vertical 
position despite the rolling and pitching ^ the 
Ship, 

.^Pressures indicated on dials of moat gages 
rfe relative. That is, thiy are either greater or 
IfAs^an normaL But remember-- the dial of an 
^'gifelAdid barometer always indicates absolute 
rpres^ii^Ws, not relative, ^en the pressure ex- 
^ted]^-1^^any gas Is less than 14,7 psl, you have 
ij^hat*^^'4i^ed a partial vacuum. ITie condensers 
m W^^i^turb instancej are operated 

;pt /]^ii^e Will below 14.7 psi. Steam under 
-V^ryH h|0i pressure Is run into the turbine and 
0aW#S the rotor to turn. Mter it has passed 
thrdu^ the turbine it still exerts a back pres- 
stti^l agalhst the blades. You can see that this is 
badi Soon the back pressure would nearly as 
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OPEN TO AIR 
PRESSURE 



Figure 9-9. --A manometer. 




i., .= ................ Bmaum 

Mre we B&fm poinbl that jm iho^d 
Afmce laapy^or&p^^^rarted m^or toy^ 

WrM is gmeraUy mMswed In |Mimdi. 
: PrMfwe Is ttie force f^r mdt usa wMeh is 
emrted m» or by, an object. It Is com- 
^r'^ mosij mtaswtd ta pounds per squwe 
inoh«^p8l« - F 

Pressyre Is caloulatediy the formula P^J» 




^ Jng soiles mi lever l^wctp are familiar 
in^uments you vmi for meaiswing 
forces. Boi^don pLges, terometers, and 
manomrttrs are tais^wamtg for ttif 
meuwement of pressure« 

normal preiSOTe of tiie gdr4s 14.7 psi 
at sea leyel. 

Pressnre Is gtheriJly relative. K is some* 
times greater— sometimes lesi— tiian 
normri air prasswe* When pressitf a is 
less tiian the normal a^ presswe, you 
can it vacimm. 
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HYDRQSTATIC AND HYDRAULIC MACHINES 



ffyDROBTATIC MACHINES 



Ijqubds at rest 



You fchow that liqidffs ixeH pref^^ fli 
order that your sWp may remain afloat ^ the water 
must push upward on the hull* Btrt the water is 
^so exerting pressurt on the sides. U you are 
billeted on a submarinp^ you are more consdio 
of water pressure— when you're submerged the 
sub is being squeezed from all sidfis. 1£ yowc 
duties include deep-sea divi^^i ymi'U (g0 over 
the side pumped up like a tlr^ 'so that ^u can 
withstand the terryic force of the water below. 
The pressure exerted by the sea water ^ or by 
any liquid at r eit^ is called hydrostatic pressure. 
In Cartelling torpedoes, Tnines, depth charges^ and 
som^ types of aeHal jbombs, you'll be dealing 
with devices which are operated by hydrostatic 
prfesijure,. *; 



'In chapter 9, you found oiit that all fluids 
exert pressure in all direction, Iliat's simple 
enough. But how great is the tesiuje ? Try a 
little experiment. Place a^pile of blocks in front 
of you on the table. Stitk the tip of your finger 
imder the first blqpk from the top. Not much 
presSOTe on your finger, is there? Stick irin 
between the third and fourth blocks. The pres- 
sure on your finger has increased. Now; slide 
yoiEr finger imder the bottom block in the pjle. 
There you find the pressure is greatest. The 
pressure increases as you go lower in the pile. 
You might say that pressure increasas with 
depth. The same is true in liquids. The deeper 
you gOr the greater the pressure becomes. Butj 
depth isn't th^ whole ^tory. 

Suppose the blocks in the preceding para- 
graph were made of lead. The pressure at any 
level in the pile would ift considerably p^eater. 
Or, suppose they wfere blocks of balsa wood^the 



^esstoe at each level wouldn't be soa^eat. 
Pressure, then, depends not oiUy on^the afepthi ^ 
but also on the weight of the materlid. Sincrf 
you are dealing with pressm'e--force per unit erf 
area-^you will also be degdtog with weight per 
unit of Volume or density. - ^ ™^ 

When you trik aboirt the density of a su'b- 
stance you are t|Udng about its weight per cuble 
foot— or per cubic^taeh. For example, the density^ 
, of water Is 62^ lb. per cu, ft. This gives you a 
\more exact way of comparing tiie^weights of two. . 
laterlals. To say that liadlghsavltrthani^ 
.Ihit a compete statement, A 22-caliber buU#t^ 
doe^^t weigh a§ much as a pail of water. It^M ; 
true,] however, that a cubic foot of leatit4s Ibis- 
header than a Cubic foot of water. Lead has a 
greater density than water. Hie density of lea^^ 
is 710 lb. per cu. ft., as compared with jS2,5.1b, 
per cu. ft; for water. 

Pressure depends on t^o factors--depth and 
density =»so it is easy to write a formula that will 
help you find the pressure at any depth In ihy 

Here it is-^ 



P ^ Hx D • 
in which 

P - pressure; in lb. per sq. in,, or lb. per 
sq. ft= ; , ^ 

H = depth of the point, measured in feet or 
inches. 



and 



D ^ density in lb. per cu. in. or in Ib^ pe 
cu. ft. 



Note: If inches are used, they must be used 
throughout; if feet are used, they must be used 
throughout, ^ 



1' 



*4 



iaHhat of a sutoidrliiA tf si;dbmulne Is 200 
^<fttf Mow at stirfue? Use toe formula— 



200 % 



12i§00 lb, per sq* ft* 



Every square foot of toe sub's surface which 
Is at ttiat depto has *a force of over 6 tons push- 
tag in onitH the height of toe hull is 20 feet, md 
tte wea In question is midway between the sub's 
top and bottom, you can see that toe presiure 
on tob hifll wHl be A least (200-10) x 62,5 m 
f ?S lb. r sq; ft., and the eatest pressure 
0h be (200 + 10) X 62,5 =13,125 lb. per sq, ft. 
Gbidously/ toe hy^ has to be made very strong 
to withstand sych^essures, 

Ustag Pressure to Fire ^ 
toe Depto Charge V ' ' 

Although hiftftig below the sinrface exposes the 
iub to preat fUd4 pressure, it also prdvldea the 
Isub S^lto a great advantage. A eubmarineish^d 
to Mil because it is hard to hit, A depth charge 
must esqplode within 30 to 50 feet of a subm^ine 
to reidly icore. And that means the depth charge 
must not go off until it has had time - to sink to 
approximately the same level as the sub, Ypu 
use a firing mechailsm whicTi is iet off by thte 
pressure at the estimated depth of the submarine. 

Figure iO-*i shows a depth charge Mid.Jts 
Inttfior components, A depth charge is a sheet- 
metal container filled with a high e^^loaive and 
a flrtag device. A tube passes througWits denter 
from end to end. Fitted in one end of this tube 
Is the booster j which is a load^fgraniaa^ TNT to 
set ott the main chsurge. The safety fork is 
.jmocked off on' launching, and the inlfet v^ve 
cover is removed from an inlet through which ^ 
toe water%nters, , ^ 

When tfte defli^ charge gets about 12 to 15- 
left below the surfac^i the water prossure ii ^ 
iufficient t^ extend a bellows in the booster eK= 
tmdir. ttS^ellows prlpi a release inechanism, 
and a spring pushes^he tooster up agatost the 
centerihg Hange, Notice that the detonator fits 
into a pocket in the booster. Unless the detonator 
is in this pocket, it cannot set off the booster 
charge. ^ 

Nothing further happens until the detonator 
is fired. Ai you can see, the detOTator is held 
^ in the end of the pistol, (with the f ir mg pin aimed 




.4.198 



Figure 10-1.— A de^th charge. 



at the detonator b^se. The pistol ^so contains 
a bellows into which the water rifehes' as the 
charge goes down. As the presswe Increases, the 
bellows begins to es^and against the depth spring, 
You can adjust this spring so that the bello-w will 
have to exert a predetermined force in order ttr^ 
compress it. Figure 10-2 shows you the depth. _ 
setting idials of me type of deptft change. SinCv ' 
the pressure on the bellows depends directly oi 
the depth, you arrange to have the charge r\ 
off at any depth you select^n the dial. When th^ 
pressure in the bellows becomes sufflcientl < 
great it releMes the firing spring, which driv* 
the firing pin iilto the detonator. The boosts 
already moved iiii. position, is fired, andthi: 
turn sets off the entire load of TNTt 
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Figure 10-2. --You select the 
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Figure 10-3. ^Inside a torpedOt 



WRENCH STOP 



4.204 
on these dials;^ 



These two bellows— operated by hydrostatiic 
pressure-»serve two purposes. First they permit 
the depth charge to be fired at the proper depth; 
second^ they make the charge safe to handle and 
carry. U the safety fork and the valve inlet cover 
should accidentally be toocked off on deck^ noth- 
ing woiild happen, E^njif the detonator went off 
while the charge was i)eing handled, the main 
charge wquld not let go unless the booster were 
in the extlhded position* 

To keep a torpedo on course toward its target 
is quite a job* Maintaining the proper compass 
course by the use of a gyroscope is only part 
of the problem. TTifi^prp®^^ must travel at the 
proper dfpth so that it will neither pass under 
the target ship nor hop out ni mv water on the 
way. Here again hydrostatic jre^sure is used 
to adVMitage, 

As figure 10-3 indicates, the tin fish contains 
an airfilled chamber which is sealed with a thin, 
flexible metal plate, or diaphragm. This dia-^ 
^hragm can bend upward or downward against 
the spring. The tension on this spring is de- 
termined by setting the depth- adjusting Imob, 

Suppose the torpedo starts to dive below the 
selected depth* The water, which enters the tor- 
pedo Bnd iurroimds the chamber, exerts an in- 
creased pressure on the diaphragm and causes it 



to bend down. If you follow the lever system, you 
can see that the pendulum will be pushed for- 
ward. Notice that a v^verodccttinactsthepjendu- 
lum to the piston of the depth engine. As the 
piston niioves to the left, low-pressure air from 
tte torpedoes air iupply enters the depth engine 
to the right of the piston and pushes it to the 
left. A depth engine must be used because the 
diaphragm is not strong enough to move the 
rudders* 

The depth-engine's piston is connected to the 
horizontal rudder^ as shown. When the piston 
moves to the left, the rudder is turned upward, 
and the torpedo begins to rise to the proper 
jepth. If the nose goes up, the pendulum tends to 
^ing backward and keep the rudder from ele- 
v^ing t^e torpedo too rapidly. As long as the tor- 
pedo runs at the 'selected depth, the pressure 
on the chamber yemalns constant, and the rud- 
ders do not change tv6m their horizontal position* 

Pressure and the 

Deep-Sea Diver ^ 

Navy divers have a practical, first-hand 
knowledge of hydrostatic pressure. ITiink what 
happens to a diver who goes down 100 feet to 
work on a salvage job. /ri^e pressure on him at 
that depth Is 6,250 lbs* pir sq* ft. ! Something 
must be done about that, or he'd be squashed 
flatter than a pancake* 

To counterbalance this external pressure, 
the diver Is enclosed in a rubber suit into which 
air imder pressure is pumped by a shipboard 
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ibbn^resad*. fbrtufta^^ aii* not only Ihw 

^att^ the su|tf birt gets tortde of the diver's 
boe^ wflll It enteri hli limgi, and even gets 
into hid blood striam which carries it to every 
part of his body. In that v^y his internal, pres- 
siire can be ke]^ just eqwl to tht hydrostatic 
pressure. 

As he goes deaperj the air pressure ii ln= 
creased to meet that of the water. Incoming up, 
the pressure 09 the air is gradually reduced. If 
he ia brought up too rapidly, he gets the '-bends,'' 
The air which was dissolved in his blood bigina 
to come out of solutiouj and form as bubbles In 
his veinSp Miy sudden release in the pressure on 
a fluid results in freeing some of the gases which 
ar#^ssalv€d in the fluid. 

You have seen this happen when ydu suddenly 
relieve the pressure on a bottle of pop by re- 
moving the cap* The careful matching of hydro- 
static pressure on the diver by means 6f air 
pressure in his suit is^ssential if diving is to be 
done- at all, - 

A Sea-toing Speedometer 

Here^s another device that shows you how 
your Navy applies its loiQwladge of hydrostatic 
pressure. Did youtever wonder how the skipper 
knows the speed the ship is making through the 
water? There are several instruments used 
to give this infor^^ten— the patent log, the 
engine revolution punter j and the pitometer 
log. The' "PIT* LOd- ' is operated, in part, by 
hydrostatic pressure. It really indicates the.dif- 
ference between hydrostatic pressure imd the 
pressure of the water flowing past the ship— but 
you can use this difference to indicate ship's 
speed, 

Fipire 10-4 shows you a schematic drawing 
of a pitometer log. A double^wall tube sticks out 
forward of the ship's hull- intft water which is 
not disturbed by the ship's motion. In the tip of 
the tube is an opening A. When the ship is moving 
there are two forces or pressures acting on 
this opening=-the hydrostatic pressure due to the 
depth of water above the opening, andapressure 
caused by the push of the ship through the water* 
The total pressure from these two forces is 
transmitted through the central or wltite tube tO' 
the left-hand arm of a nanometer. 

In the side of, the tube is a second opening 
B which does not face in the direction the ship is 
moving. Opening B passed through the outer wall 
of the double- wall tube^ buc not through the inner 
wall. The only pressure affecting this opening 
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Figure 10-4,— A Pitometer log. 



B is the hydrostatic pressure,' This pressure is 
transmitted through the outer tube (shaded in the 
clrawing) to the right-hand arm of the manometer. 
When the ship is dead in the water, the preSr 
sure through both openings A and Bis the same, 
and the merc\iry in each arjji of the n^ometer 
stands at the same level. However j as ^oon as the 
ship begins to moves additional pressure is de= 
veloped at opening A^ and the mercury is pushed 
down in the left-hand arm and up into the right- 
hand arm. of the tube. The faster the. ship goes, 
the greater this additional pressure becomfes, 
and the greater the difference will be between 
the levels of the mercury in the two arms of the 
manometer. Tlie speed of the ship can be read 
directly from the calibrated s^cale on the mano- 
meter, 

^cidentally--since air is also a /luid==the 
airspeed of an aircraft can be found by a similar 
device. Won have probably seen the thin tube 
sticking out from the leading edge of a wing, or 
from the nose of the plane. Flyers call this ;tube 
a pitot tube. Its fundamental principle is the 
same as that of the pitometer log, . 1 

SUMMAR^ 

The Navy uses many device^ whose operation 
is dependent on the hydrostatii^ principle,. Here 
are three points to remember about the operation 
of these devices, . 

Pressure in a, liquid is exerted Equally in all 
directions'. 
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i. 



^ fm @ t^Uilg ^t»uf^# prtisura at any 
to a 11^4 that is riot flowing. 
' PPBBEQTB Aiptildi^ \xpGQ> "MOi depth and den^ 

Thf »yormtila foi' finding pressiure is- 



ffyDRAlJUC MACHINllS 
UQUmS IN MOTION ^ 



thp^mAr 



Perhaps your earliest Gontact with a hy-^ 
-ma^M nt wag wh en^ yeu got your first 
haircutp Tony put a board across the arms of 
the chair^ sat you on it, and began to,,pvpip the ' 
up tO* k convenltnt leveU As greW 
,,you probably dlseovered that the^filling 
statlb^ atteidiuit could put a car on the f^iaslng 
rack, and'-^by iome mysterious arrangement— 
jilik it htad-high^|i^|^oubt the atjten^t told 
*^you that oil under prewure below the piston watf 
doing thig job,^ * 

Come to think abput it ^ you^ ve probably taiown 
something about hydraulics for a long time/ 
Automobiles ^and airplanes.ust hydraulic brakes. 
M 2l bluejacket, you'll have to operate many 
hydraidic machines s so you^ll want to understand 
the basic principles on which they work. 

Simple macbftits such as the leverj the in- 
clinfd plane, the'piaieys the wedge, and the 
wheel and ^le^ were used by primitive man. 
But it was cohsidirably later before someone 
Miscoverfd that liquids and^gases could be used^ 
to #xert forces at a distance. Then, avast num- 
ber of new machines appeared^ A machine which 
transmits forces by means of a liquid is a hy- 
draulic machine. A variation of the hydraulic 
machine the type that operates by the use 
^f a compressed gas; 'This type is called the 
pneumatic niachine* This chapter deals only with 
' basic hydraulic machines, 

Pascal^s Law " 

A Frenchm^ named )Pascal discovered that 
a pressure applied to ai|y part of a confined fluid 
Is transml^M to tvery^other part with no loss. 
The preSSU^^cts wi^ equal force on ail equal 
areas of; t^^-eonfinWif' walls, and perpendicular 
to the w^||* f. 

*6i|t r0|itflibar this— when y talking 
ah^t tthjp ^l^raulic pmnciple applied to a 



hydraulic maehlnA, you are talkii^ about tK© my 
a liquid acts in a dosid syrtem of pipes and 
cylinders. Th% action of a liquid under suoh con- 
ditions is somewhat clltterent |ronfi Its behavior * 
in open cbntalr^rsi oy In lakes, riuers, or oceans. 
You should ^ao keep in mind that most llquidi 
cannot be conspressed-^squeeEed into a smaller ^ 
■ space. Liquids don;t "give*' the way air does 
when pressure is applied, nor do liquids esqpand 
when pressure is rfemoved, 

^mch a hole in p tube of paving dream. H 
you push down at any point on the tube the cream 
comes otrt.ctf the hole. Your force has been trans- 
mitted from ont) place to another by the shai^ig 
cream— which is fluid— ^ thick liquid/ Figure 
10-5 shows what would;Ja|Lppen^U 
four holes in the tube, H you press orf the tube^ 
^ one pointy the cream comes out bf all foyr'^ 
holes. This tells you that a force applied on a 



liquid is transmitted equally in every directibiK 
to all parts of the container. Right there yo>i 
have illustrated a basic principle of hydraulic 
machines, ' ^ 

jhis principle is used In the operation of 
four-wheel hydraulic ^tomobile brakes, Fi^e 
ID -6 is ^ simplified drawing of this ^b^e sys- 
tem, ^You pu^ %own^ on*tbe brake pedal-^ mdr 
force the piston in the: ma^r cylfMer against , 
the fluid in that cylinder. This puin sets up a.^ 
prepaure on the fluid just as your finger did. on 
the shaving cream in the tube. The pressure ot^: 
the fluid in the master cylinder is transmitted 
thrQUgh the lines to the brake cylinders in each 
wheel. This fluid imder pressure pushes against 
the pistons In each of the toake cylinHers and 
forces the brake shoes out against the drums* 
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cross-sectional area of one sq. inch, ti each 
arm there's a piston which fits snugly, but which 
call move up and down. If you place a one-^pound 
weight on one piston, thr other will be pushed 
out the trip r f its :irm immedHitely. Place a one- 
pound weight on each piston, however , and they 
reniain in their original positions^ as shown in 
figure 10-8. ' ' = 

Thus you see tliat ^a pressure of one pound 
peT .sq. in. applied downward on ^le right-hand 
piston exerts a pressure of one pound per sq, in* 
* upward against the left-hand one. In other words, 
not onh^' is the forc^^ transmitted ^ the liquid 
arouFld the curve, but tiir force the same on 
eacli unit area of the container. It makes no 
difference^how \cm% the connecting tubi is, or 
how nifrtny turns it niakes. It is important, how 
^ ever, that the entire system be full of liqui 
BK2R0 Hvdraulic systems will ^'ail to operate proper 
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M e c h_ ani c al Ad vlui t a l 
Through Hydraulics 



'he lines or cylinders* 
10 = 9, The -piston on the 
one sq* in., but the. piston 



The next thini^ to imderstrind about hydraulic 
machines is the rtiaticniship Ijetween tlie . rr^ 
you ap 



and the result you ^^et. Fi:vui^ 10^7 



will help yuu un^jiis. ih* T^=^happd tiibe hn 



a 




if air isVpresent ir: 
Nr V. look at figure 
right has an area of 
on the left ha^ an area of 10 sq* in* If you push 
down^on the smaller piston with fe^orce of one 
pound, the liquid will traiismit tiiis pressure to 
every square inch of surface in the system. Since 
tHv left-hand plst()n has aii area ot,10 sq, in., and 
each square Inch has a forceof onep5u_nd trans- 
mitted to it, the total effect is to push on the 
larger piston, with a total ^forre of 10 pounds* 
\Set a 10=pound weight on the larger piston aiid 
\- will be supported by the one-pound force^of 
the smaller piston. 

Tliere yoti liave a one ^ pound iHiSi ulting 
in a LU -pound force. That's a mechimical ad- 
v;uitaiie of ten. This is why hydraulic machines 
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131.49 Fif4\nM.' 10-|,;^Pressure is^.e same on all parts 
Figure 10-7.— The liquid transniits tlie fnin « . 
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Figuife 10-9. ---A mechanica* 



4.7 

advantage of* 10, 



are important/ Here's a fo^nula which will help 
you to figure the forces*-that act in a hydraulic 
machine— 



A 



4 



I 



^2 ^2 

In which tforcej in^ouuds, applied t 

small pistoiis - ^ 

F2^^ force, in pounds^ appUe^4o the 
large pistoiis ' , * 

A^^area of> small piston,^in nquare 
[ inch^i ' 
A2 - area of large piBton, in square 
inches. 

Try out the forlStlilLii on the liydraulic pres^ 
In fifure 10=10. The large pistc^has an area of 
90 sq, in. and th_e smaLler one, an area of two 
sq, in. The handle- exerts a total force of 15 
pounds on the small piston/ With what total fnrao 
will theJa^e piston be raised? 

Write down the /ormula — 



1 



4 



Substitute the kitowiij/alues = 



j5 2 
^ 90 



9U X 15 



Where's The Catch 

You Imow from yQur experttnce with levers 
that you can'ffet |Omethingf or nothing. Applying 
this taowledg;e id the simple system in figure 
10-9, you th^^ you can't get a 10-pound 

force from a one-i^fcd effort without sacrificing 
o^stanM* *Tlie one-pound effort will have to be ' 
applieffthfough a much ^eater distance than the 
10-imind force will 'move. If you rkise the 10^ 
poun^ weight throug^. a di^nce of one foot, 
through ftat distance wlirthe one-poupd effort 
have to be ai^lied? Retnember-if you neglect 
friction, the i^^^ done on any machine equals 
tRe work done by that machine. Use the work 
.formula, aild ^ou can find how far the^ smaller 
piston will have A move. 

Work input = Work output 



By substituting— 



=and— 



IXD, 



D 



1 



10X1 



10 feet 



^ 675 pumids 



Thire's the catch, Tlie sn^ller piston will 
have to move tluujugh a distance of 10 feet in 
order to r#tee the 10-pound load one foot. It 
looks then as though the smaller c^^inder wbuld 
lULve to bf at letot 10 feet Ion;, - id that wouldn't 
he prRctinnL Actually, it isn^ necessary— If you 
put a valve in the syltem, ^ % * 

Th^ hydraulic pr^ss in figure 10-10 contains 
n valve tojf just^his purpose. As the small piston 
ni .)ves do^n, it forcearthe Yluid past the check 
valva. A into y»e lar^ cylinder. As soon as you 
^tart'^to move th^small piston upw%rdj the plrqs- 
Sure to the right of the check valve A is removed^ 
;md the pressure of fluid below the large 
pistnn'^hplps tte checkvalve spring force that 
valve shut. The liquid which, has pdased through, 
tlie valve opening on the down stroke of the small^' 
^^piston is trapped in theliarge cyl^oider, ^ 

The small i^ton rises on the up-strdke until , 
its bottom passes the opening to the fluid reser- , 
vr)ii\ More fluid is suoKed past a check valve ^ 
and into the small ^lindei^ig^he next do^i-stroke 
forces this new pharge otfttuid out of the small 
cylindet:^iast the check valve into thp large cyl- 
inder. This processes repeiitedstrdfee by stroke 
until ehough fluid has l>een forced into thei^rge 
cylinder to raise the large piston the requifi^d 
distance of one foot. The foi'ce has been applied 
tln^nuKh a distance of 10 feet on the pump handlft^ 
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Figure 10-10*— Hydraulic pre^s. 



but it was done by maldng a series of relatively 
short strokes— the sum of all the strokes being 
equal to 10 feet* \ 

Maybe you^re beginning to wonder how t^e 
larg# piston gets^back down after you've baled 
the cotton. The fluid can^t run back past the 
check valve B-^that^s obvious* You lower the 
piston by letting th^oil flow back to the reser- 
voir through a return line. Notice that a simple 
gate valve is inserted in this line* When the gate 
valve la openedj the fluid flows back into the 
reservoir* Of courses this valve is kept shut 
while the pump is in operation* 

Hydraulics Aid the Helmsman 

You^v^ probal^ seen the helmsman swing a 
ship weighing thousands of tons atout as easily 
as you turn your car. No, he's not a superman. 
He does it with machines. 

Many of these machinefe are hfdraulic* The re 
are several types of hydraulic and electro- 
hydraulic steering mechanisms^ but the simpli^ 
fied diagr^ in figure 10-11 wilt help you to 
understarifl the generalprinciples of their dpera- 
tion. ?As the hand steerifig wheel is turned in a 
counterclockwise directioUj its motion turns 
the pinion gear g. 'This causes the left-hand rack 
- to move downward, and the right-hand rack 
r2 to .move upwar^* Notice that each r#ck is 
attaAed to a piston Pj or P2. The downward 
motj^ft of rack r^ moves piston pi downward in 
Its cylinder'andpushes the oil out of that cylinder 
through the line. At the sajrte time, p#ston P2 
moveS;*wpward and pulls oil frorfl the right-hand 
line into the j^ght-hand cylinder. 



If you follow tl^ese two lines, you see that 
they enter a hydraulic cylinder S^one line , 
entering above and one below the single piston 
in that cylinder. In the direction of the oil flow 
in the diagram, this piston and the attached^ 
plunger are pushed down toward the hydraulic 
pump h* So far, in this operation, you have used 
hand power to develop enough oil pressure to 
move the control plunger attached id the hy- 
draulic pump. At this point an electric motor 
jakes over and drives the ptlmp h. 
I Oil is pumped under pressure to the twp^big 
steering rams Rj and You can see that the 
pistons in these rams are connected directly to 
the rudder crosshead which controls the position 
of the rudder* With the pump operating in the 
direction shown, the ship's rudder is thrown to 
the. left, and the bow will swing to port. This 
operation demonstrates how a small force ap- 
plied on the steering wheel sets in motion a ser- 
ies of operations which result in a force of 
thousands of pounds, > 

Getting Planes on Deck 

The^ swift, smooth power required to get 
airplanes from the hanger ^deck to the flight dedk. 
of a carrier is supplied by a hydraulic lift. 
Figure^ 10-12 exiDlains how this lifting is done. 
A vurlable-speed gear pump is driven by' aii 
electric motor. Oil enters the pun^p from the 
rt servoir' and is forced througli the lines to four 
hydraulic rams, the pistons of which raise th# 
elevator platforni. The oil under pressure exerts' 
its force on each square inch of surface area of 
the four pistons^ Since the pistons are large, a 
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large total lifting force results. The elevator 
can'be lowered by reversing the pump, or by. 
opening valve 1 tad closing valve 2. The weight 
of the 'elevator will then force the oil out of the 
cylinders and back into the reservoir. 

Submarines Use Hydraulics 

Here's another application of hydraulics 
which you wHl/fthd interesting. Inside a sub- 
marine, between tm outer skin and the pressure 
hull, several^tanks of various deaigii and 
purpose. These are used to control the total 
weight of the ship, allowing it to submerge or 
surface, aiid to control the trim, or balance fore 
and aft, of the submarine. Tlie main ballast 
tanks have the primary function of either de- 
stroying or restoring positive buoyancy in the 
submarine. By allowing air to escape tlirough 
hydraulically operated vents at the top of the 
tanks, sea wa^r is able to enter tiirougli the 
flood ports at the bottom-replacing the air tliat 
had been holding it out. To regain pusitive buoy- 
ancy, the tanks are '^blown^' frqe of sea water 
with^ compressed air. Sufficient air is then left 
trapped in th^^ks^ to prevent the sea water 
from reentex-i^r 



Otl\er tanks, such as the variable ballast 
tanks and special ballast tanks like the negative 
tank, safety tank, and bow buoyancy tank, are 
used either to control trim, or stability, or for 
emergency weight compensating purposes. The 
variable ballast tanks have no direct connection 
to the sea. Tiierefore, water must be pumped into 
or out of them. The negative tank and the safety 
tLuik, however, can be opened to the sea through 
large flood valves. These valves, as well as the 
vent valv^ for the main ballast tanks and those 
for the safety and negative tanks, are all hy- 
draulically operated. The vents and floodvalves 
are outride of the pressure hull, so some means 
of remote control is necessary if they are to be 
opened and closed from within the submarine. 
For this purpose, hydraulic pumps, lines, and 
rams are used. Oil pumped through tubing run- 
ning through the pressure hull actuates the 
valve's operating mechanisms by exerting pres- 
sure .pn and moving a piston In a hydraulic cyU 
inder." It is easier and simpler to operate the 
valves by a hydraulic system from a control 
room than it would be to do so by a mechanical 
systc-m of gears, shafts, and levers. The hy^' 
draulic lines can be rerfdily to around corner^fe 



and obstructions, 
parts is required. 



and a i^kmum of moving 
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Figure 10-13 is a schematic sketcli of the 
safety tank--one of the special ballast tanks in a 
submarine. The main vent aiid the flood valves 
of this tank are operated hyclraulically from re- 
mote control; although^ in aii emergency^ they 
may be operated m.anually* 

Hydraulics are also used in many other ways 
aboard the submarine. The periscope is raised 
and lowered, the submarine is steered^ and tlie 
bow and stern planes are controlled" by means of 
hydraulic systems. The windlass and capstan 
system^ used in mooring tlie submarine ^ Is hy- 
draullcally operated, rmd many more upplica'- 
tions of hydraulics cau be found aboard the 
submarine. 



The Accumulator 

In some hydraulic systems^ oil is kept under 
pressure in a container called an accuBUilator. 
Figure . 11 -14 shows you this large cylinler, into 
the top of which oil is pumped. A free piston 



divides the cylinder into two parts. Compressed 
air IS forced in below the piston at a pressure 
of, ^ay, 600 psi. Oil is then forced In on top of 
the piston. As the pressure above it Increases, 
the piston is for.^ed down, and squeezes the air 
into a smaller space. Air if elastic— it caii be 
compressed under pressure— but it will axjoand 
as soon as the pressure is reduced. Wlien oil 
pressure is reduced, relatively large quaiitlties 
of oil. under working pressure are Instantly 
available to operate hydraulic ^^ams or motors 
any place ori the sub. 'V 



SUMMARY 

The working principle of all hydr aulic mech- 
anisms is simple enough. Whenever you find an 
application that seems a bit hard to understand, 
keep these points in mind— 

Hydraulics is the term applied to the be- 
hayior of enclosed liquids. Machines 
which are operated by liquids under pres- " 
sure are calleci'Iiydraulic machines. 
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Flnire 10-13. ^Submarine special ballast tank (safety tank). 



Liquids are incompressible. Tliey cannorbe 
squeezed into spaces smaller than they 
originally occupiecU 

A force applied on any area of a confined 
liquid is transmitted equallv to every part 
of the liquid, . 

In hydraulic cylinders, the relation between 
the force exerted by the lai^ger piston to 
the force applied on the smaller piston is 
the same as the relation between the area 



of the larger piston and the area of ^the 
smaller piston, i 
Some of the advantages t^f hydraulic machines 

are — 

Tubing is used to transmit forces ^ and tubing 
can readily transmit. forces around cor-^ 
ners* 

Little space is required for tubing. 
Few moving parts are required. 
Efficiency is highj generally 80,|^95-^. 
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MACHINE ELEMENTS 

Any .machine, however simple, utilizes one 
or more baeic machine elements or mechanisms 
in its raakfupj In this dhapter we will take a look 
at some of the more, faniillar elements and 
mtChanis^is used in naval machinery and Equip- 
ment. 

BEARINGS 

In chapter 7 we that wherever two ob= 
jects rub against each other /friction is producecL 
.K' th^ surfaces are very smooth, there will 
be little friction; if either or both are roughs ^ 
there will bes more friction. FRICTION is the 
reilstance to ai>y force that tends to produc© 
motion of dne sti^face over another. Wh^W you 
are trying to start a loaded hand truck rollirigr 
you, have to give it a hard tug tto ovei^ome the -, 
reristance ol static friction) to, grt ie^tkrted. 
Smarting to slide the same load afcr ass the deck ^ 
r4ould require a h^der push than startii% it orf 
Toilers* Tliat is betsuae roUini frlqt^^^ is always 
4ess than sliding friction. To takf advantage of 
this fact, roller^ or bearmgs are: used in riia,^ 
chines to reduce fr^iom Ltubricants qh bearing 
ai^jlces reduce the friction even further. 

A*bear ing is a>uppbrt and^lde which carries 
a moying part (or parts) of amachine and. main- 
tains the proper r elationship between the mqyinj 
pa^t or parts and the stationary part. It usually t 
permits only one form of motion, as rbtation^r 
and prevent^ any other. There are two basi,c 
types sliding type (plain bearings) , 

also/j^^Sw^^^^on or guide bearings, anti antl^ 
frlcf^^^^e (roller and ball bearings). 

Sliding Type (Plain) Bearings 

In bearings of this type a film of lubrtpant 
separates the moving pajt frorii the stationarjr 



part. There are three types of sliding motion 
bearings in common u^e: Reciprocal motion 
bearings, jommal bearings, and thrust bearings. 

1. RECIPROCAL MOTION BEARINOTpro- 
vide a bearing surface on which an object slides 
back and fortli. They are found, on steam recip- 
rocating pumps, where connecting rods slide on 
bearing surfaces near their connections to the 
pistons^ Similar bearings are used on the con- 
necting rods of large internal -combustion en- 
gines/ and in many mechanisms operated; by 
cams-- . 

2. JOURNAL BEARINGS a^e.iifed to guide 
and support revolving shafts. The sftaftrev^;^^* 
in a housing fitted with a lirifer. The iniide of 
the liner, on ^ich the shaft bears, is made of 
babbitt rnfetal"^ similar soft alloy (antifriction 
tS^etal) t0^ reduce friction. The soft metal is 

; baofc^ed by a tttonze or a copper layer, and that 
' has a.sieeU^ck for strength. Sometimes the 
^" bearing is|made. in two halves, and is cjamp 
or screwf ^ aW^d the shaft (fig* 11-1). Itls 
called a laminated sleeve Jaearing, , 
' V Under favorable conditions the fricti< 
journal beartn|s is ^Arkably small. Howei 
when the 'rubbing spied of a journal bearing 
very low or extremely Siigh, the friction loss 
may become exce^s^ve when ^opmpared with the 
pert6ftiance of a rWllingsurf^ebearirt^^^ood 
example Is/the railroad car, now befii||^ted 
with roller bearings to eliminate the/^li^;^H'' 
Roubles of Journal bearings. 
I Heavy-duty bearings have, oil circulat^0 
'V around aiip through them tad some havei.^ 
: additiohar'Aoling system that circulates wa^ 
' mround the faring. Although revoljj^g thestefl 
shaft againat babbitt met^producestess friction 
(an^ therefcre less heat^ad wear)/;t^ steel 
agaih3t st#il, it is still a problem telceep the 
parts 'feol: You Imow what causes a ^'burned out 
btoring'' on your car, and how to prevent it. 
The same care ajid lubrication kre necessary 
all^Navy equipment, only more so, because 
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Fipjre 11-L ^Babbitt-lined bearing in which 
steel shaft revolves. 

.there is a lot of equipment, ruid^any lives deperid 
on its ^i^inuad operation. 

3. ^RUST BEAJRINC^S are used on rotating 
shafts, such as those supporjiing bevel 14 ears, 
worm gears, propellers, and fans. They are in = 
stalled to resist axial thrust or force aiid to liniit 



axial movement. They are used chiefly on heavy 
machinery, such as Kingsbury thrust bearings 
used in heavy marine propelling machinery (figs, 
11-2 ajid 11-3)* The base of the hoiking holds 
an oil batlij aiid the rotation of the jshaft con- 
tinually distributes the oil. The bearmg consists 
of a thrust collar on the propeller gnaft and two 
or more stationary thrust shoes on either side 
of'tlie collar. Thrust is transmitted from the 
collar tlirour''h the shoes to the gear' housing and 
tlie ship's structure to which the gear housing is 
bolted. fe 

Antifrictional Or Roller 
and Ball Bearings 

You have had first-hand acquaintance with 
ball bearings since yon were a child. They are 
what made your roller skates or bicycle wheels 
spin freely. If any of the little steel balls came 
out aiid were lost^ your roller skates screeclied 
and groaned. The balls or rollers are of hard, 
highly polished steeL The tyiiical bearing con- 
sists of two hardened steel ringst(called RACES), 
the hardened steel balls or rollers, and a 
a SEPARATOR. The motion occurs between the 
race surfaces aiid the rolling elements* There 
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FiffTore 11 = 3*— Diagrammatic arrangement of u 
Kingsburg thrust bearing, showing oil film. 



^are seven basin types of antifrictional i> arin^ 
(fig/ 11 -4). 

1, Ball bearings 

2, Cylindrical roller bearings 

3, Tapered roller bearings 

4, Self-aligning roller bearin 
ical outer raceway 

5: Self- aligning roller bearings with aphrr = 

ical inner raceway y 

6. Ball thrust beai ings 

7. Needle roller bearin^:s 



pnp the bearinj^s out of their races. The answer 
i^"tn arrajio:n the races differently, as in figure 
11 = 5B. Here is a thrust bearing* With a shoulder 
under the lower race, and another between the 
load and the upper race, it will handle any axial 
load up to its design limit. Sometimes bearuigs 
are designed to support both thrust and radial 
hmds. Thi^; is the explanation of the term 
Radial thrust bearings. The tapered roller 
iK^ariuM: i'l figure 11-6 is an exaniple* 

Antifriction bearings require smaller hnus= 
im^ than other bearings ^^f the same load ea- 
pac'ity, and vm operate at' higher sneeds, 

SPRINGS 

Spriii^:s art elastic bodies (generally metal) 
which ciui hv twistc^d, pulled, or stretclied by 
Honie force, and which have the ability to return 
to their original shape when the force is released. 
All springs used in naval machinery are made 
of metal^usually steel, -though some are of 
phosphor bronze, brass, or other alloys. A part 
that is subject(to constant spring thrust or pres- 
sure is said to be SPRIfJG LOADED. (Somecom- 
ponents that appear to be spring loaded are 
actually under hydraulic or pneumatic pressure, 



are moved by 



with spher- Functions of Springs 



Rolled bearing assemblies are usually easy to 
disassemble ^ for inspection, cleaiiing, and rt- 
placement of parts. Ball bearings, hMwever. are 
assembled by the nianufacturor and installed/r)r 
replaced, as a unit. Sometimes maintenance pui3= 
llcations refer to roller and ball bearings as 
being either thrust or radial bearings. T^^e dif= 
ference between the two dopends on tht angb^ 
of intersection bf|tween the direction of the load 
and the plane of rotation of the bearing. Figure 
1U5A shows a radial ball bearing assembly. 
The load here is pressing outward along t\u: 
radius of tlie shaft. Now suppose a strong thrust 
wf-re to be exerted on the right end of thf^ shaft, 
tf-nding to move it to the left. You can son that 
the radial bearing is not designed to support tliis 
Mxial thrust. Even putting a shouldffU'botwef^nthe 
lOcid and |he inner race wouldn't df). It wfuil^aust 



Springs •are used for maiiy purpoges, andone 
spring may serve more than one pur.pose. Listed 
below are some of the more common of these 
functional purposes. As you read them, try to 
think of at least one familiar application of each. 

L To store energy for part of a functioning 

oyclr. > - t +- 

2. To force a component to bear agamst, to 
maintain contaci with; to engage, to disengage, pr 
to remnin clear of, some other component. 

3. To Counterbalance a weight or thrust 
(gravitational, hydraulic, etc.). Such springs are 
usually tailed equilibrator springs. 

4. To maintain electrical continuity. 

5. Ti. return a component to its original 
position after displacoment. 

6. To reduce shock or impact by gradually 
(du (^kinfj; the motion of a moving weight, 

7. To permit some freedom of movement 1^-^ 
tween aligned components without disengagpg 
them. Tlu-se are sometimes called te^up 
springs. ' 
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Figure ll-4*TThe seven basic types of n.ntifrictional bearings. 



Types Of Springs 

As you read different books you will find that 
authors do not agree on classification of types of 
springs. The names are not as important as the 
tyiies of work they can do and the loads they can 
bear. We may say there are three basic types: 
(1) flat; (2) spiral; (3) helical or coiL 



FLAT springs 
elliptic or leaf springs (fig. 11 -7 A (1&2) 



include various forms of 
made 

up of flat or slifjitly curved bars, plates or 
leaves, and special flat springs {fig. 11 -^7 A (3))* 
A special flat spring is made from a flat strip 
(ir bar, into whatever shape or desigii is cal- 
culated to be best suited for its position and 
purpose. 
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Figure 11 ^5.— Ball bearings. A, R 
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adif 1 t-Vpe-; 



2. SPIRAL springs ai^e sometimes called 
clock or power springs (11-7B), and sametimes 
coil springs. A well Imdwn example is a watch 
or clock spring, which is wound (tightened) aiid 
then gradually releases the ■ppwer as it unwinds. 

Although there is good authority for calling 
this sprtlig by othernameSj to avoid confusion wr 
shall consistently call it SPIRAL. 

3. HELICAL springs, often called spiral, but 
not in this text (fig. 11 -|D), are probably the 
most common type of spring. They may be used 
in compression (fig. 11-7D (L)), extension or 
tension (fig. lU7D-(2), or tuision (fig. 1K7D 
(3)). A spring; us§d in compression tends to 
shorten in action,, while a tension spring 
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Figure ll-6.=^RadiaUthrust roller bearing. 



lengthens in action. Torsion springs are made 
to transmit a twist instead of a direct pull, and 
operate by coiling or uncoiling action. 

In addition to straight helical springs, cohe, 
double cone, keg, and volute springs are alio 
classed as helical. These are usually used in 
compression. A cone spring (fig. 11 ^7D (4)), 
often called a valve spring because it is fre-. 
quently used in valves, is shaped by winding the 
wire on a tapered mandrel instead of a straight 
one. A double cone spring (not illustrated) is 
r imposed of two cones joined at the small ends, 
aiid a keg spring (not illustrated) is two cone 
springs joined at their large ends. 

VOLUTE springs (fig. 11-7D (5)) are conical 
springs made from a flat bar which is so wound 
that each coil partially overlaps the adja^nt one. 
The width (and thickness) of the material ,jives 
it great strength or resistance. 

A conicil spring can be pressed flat so it 
requires .little' space, and *'it is not likelv to 
buckle sidewise. 

4* ^RSION BARS (fig. 11-70) are straight 
bars tHI^are artedonby torsion (twisting force). 
The^'ba^lBay be . ircular or rectangular in crtiss 
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'7) HEL ICAL TENSION SPRING 



<3) HELICAL TfiRliON SPRING 



HiLifAL CONE OR V.^LVE SPRING"' 



fS) VOLUTE SPRING 



Q HELICAL DR CUIL SPRINGS 

.Fi^tirr 11=7, -Types of springs 



section, or lens roninionly in otiu sliupePn, It 
may also be a tube, 

5. A special type of spriiig it, a HING 
SPRING or DISC spring (not illustrated). It in 
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THE GEAR EDIFFERENTIAL 

A p:ear differential Ib a mechanism that Is 



mado of a number of metal rings or dinvH that (-ipable of adding and subtracting mechanically. 

To bo more precise, it adds the total Fevolutions 



overlap each other.^, ^ 



5^ 
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Of two shafts— or subtracts the total revolutions 
of one shaft from the total revolutions of another 
shaft—and delivers the answer by positioning 
a third shaft. The gear differential will add or^ 
subtract any number of revolutioB^, or v^ry 
small fractions of revolutions^ cdntinuOHsly and 
accurately. It will produce a continuous series 
of answers as t^fe inputs chaiige. 

Figure 11-8 is a cutaway drawing of a bevel 
gear differential showing all its parts and how 
they are related to each otheT:4 Grouped av und 
the center of the mechanism are fqur bevel 
gears, meshed together. 'The two bevel gears on 
either side are called --end gears/' The two 
bevel gears above and below are callpd ^ ^spider 
gears/' The long shaft running through fhn end 
gears and the three spur gears is called the 
' ^' spider shaft/' The short shaft running tjirouRh 
tpfe spider t^ears, together witli tlie spider gear s 
themselves, is called the - spider." 



I 



Each of the spider gears ani the end gears 
are bearing mounted on their shafts and are free 
to rotate. The spider shaft is rigidly connected 
with the spider cross shaft mftht center block 
where tliey iiittrsect. The ^ids Of the ;spider 
shaft are secured in naiiges^f^ hangers, but they 
are bearing mounted aiid ttti shaft is free to 
rotate Q^its axis. It follows then that to rotate 
the spiOTp shaft, the spider, consisting of -the 
spider cross shaft and the' spider gears', must 
tumble, or spin, on the axis of the spider shaft, 
inasmuch as the two shafts are rigidly connected. 
The three spur gears shown in fig\ire 11-8 
are used to connect the two end gears and the 
spider shaft to other niechanisms. They may be 
of any convenient size. Each of the two input 
spur £^ears is attached to an end gear. An input 
[2;ear and an end gear together are called a ' ' side' 
of a differential. The third spur gear* is the out^ 
put gear, as designated in figure 11-8, This is the 
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only gear that is pinned tWfie spider shaft* All of 
the othOT |eMii both bevel and spur, in the dif- 
ferential are hSMtog mounted, 

Fljpire 11-0 Is M eKploded view of a gear 
differ entiai showing each of its individual parts ^ 
and fjgiare 11-10 is a scTiematIc sketch showing 
the relationship of the principle pa^ts. 

\ ■ ^ 

How it Works 

' For the present wf will assume that the two 
sides are the inputs tad the gear on the spider 
sh^ is the output. Later it will be shown that 
My /of these three gears can be either an input 
or an oy^ut. Now let's look at figiire 11-lL 
In this hookup the two end gears are positioned 
by the input shafts, which represent the quan- 
tities to be added or subtracted. The spjder 
gears do the actual adding and subtracting, ^hey 
follow the rotation of the.twq end gears, turning 
the spider shaft a number of revolutions .pro= 
porfional to the sunij or difference, of the revo- 
lutions of the end gears,^ , 

SiQDpose the left side of the differential is. 
rotated while the other remains station^^ry, as in 
block 2 of figure 11- IL The moving end geai^ will 
drive the spider gears, making thernxoll un t\w 
stationary jight end gear. This motion will turn 
the spider in the same direction as the input 
and, through, the spidef shaft and output gear, the 
output shafts The output shaft will turn a number 
of revolutions proportional to the Inirutv 
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^The differentiaL End gears and 
spider arrangement. 




'Figure 11-9. — Exploded view 
gear system* 
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If the right side is now rotated and the left 
side held stationary s afe in block 3 of figure 11- 
llj the same thluR will happen. |f both input sides 
of th€ differuntial arc turned in the' ,same direc- 
tion a* the same tinier the spider will be turned 
b^^ bbth "^att. once, as in block 4 of. figure 11-11. 
The output will be proportional to the sum of the 
two inputs. Actually j tht spider makes ohl^ half 
as many r evulutlons as the sum of the revplutions 
of the' end gears, because 'the spider gears are " 
free to roll between the end gears, Tq under- 
stand, this better, -^Jet- s look at figure 11-^2. 
Here a cylindrical drinking glass is rollefl along 
a table toi) by pushing a r^ler across its upper 
side. The glass will roll only half as far as the 
ruler travels. The spider gears in the differential 
roll against the end .gears in' exactly the same, 
way* Of cqurse< the answer can be corrected by 
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Figure 11-12.— The spidrt* makes only half as, 
mahy revolutions/ 

uaing a 2:1 gear ratio between the gear cii the 
spider shaft and the geai' for the output shaft. 
Very oftenj for design purposes, this geai' ratio 
will be found to 'be different. 

When the two sides of the differential move in 
opposite directions, the output of the spider shaft 
is proportional to- the difference of the revo= 
lutinns of thg^ two inputs, f his i^-.because the 
spider geai^s^ire free to turn, and are drivenJn 
opposite directions by the two inputs. If the two 
inputs are equ^l and opposite, the spider gears 
will turn," but there will be no movement of the 
spider shaft. If the two inpiAs turn in opposite 
directions for an unequal mimbter of r^olutions, 
the spider gears roll on the end gear that makes 
the lesser numb|r of revolutions, rotating the 
spider j^i the direction of the input making th^) 
greater number of revolutions. The motion of the 
spider shaft will be equal to half the difference 
Ig^etween the revolutions of the two inputs. A 
ohange in the gear ratio ta the output shaft can 
then give us any proportidnal answer we wislu 

We have thus far been describing a hookup 
wherein the fewo sides are inputs and the spider 
shaft the output, As^lqng as it is recognized that 
the spider follows the end gears for half the 
sum, or difference* of their revolutlOTS, how- 
ever ^ it is not necessary to always use this tyi^e 
hookup- The spidpr shaft may l?e used as one . 
input an4 eithef- 'of the sides used as the. other. 
The other side will then become thedutinltrThis 
fact permfts three different hookups for any gw|n 
differential, as is' illustrated in figure 11 -iQ, 
Whichever" proves the most convehient rpechmi^ 
ically may be t^ed. 

In chapter 14 of this^book, the differential as- 
uged in t^e automobile'will be, described. -Tliis 
differentlat ^ similar in pririciple, but, ^s you 
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i^ill se e, iK Bnnip\^\t cliffor t-iit in its nir (^lutnir al 
naukcup. In chuptrWR^ %'nu will t^ivt^n infi^in:i = 
tinii nn differentials an tliov art* usrd inl^M.m- 
putt rs. , ^ ^ 

LI Nf: AGES ■ 

A ltnk:fe-'niay c'niisjst > ^f s itlif t ^ un - . > .e^ nn- 

'ul. Huci; Shalt, '^)r piling,' i' ^ 
k Ij-v( = r 

4. Bell c^rank 

TlifSe p;jrts cf niiliini at urt^ usi d tiMnsniit 
Iinu6<l rqtary < linrar UMti'^n T' = <iiani;i tlu^ 
cUrecti* 'ti mI a nn )tion, , <'ains art- UHi^d with tlu- 
linknL2,t-. 

Lever type linka^rH (fiu,. 1 U 14)\aa ust d in 
equipnu'nt whitdi luiH^^ hi- Dptai-d air.Udi mI: 
^ f'^r inHtanf"( , \ aUa s in t ti ir -hvdr.ailii. sys- 
tvnis, iiates, (dutchrH,- (dntrh-HMl! iv)id intia^- 
hiCks, Vt(e Rnrkt r arinsar. nn T' Iv a var i.iii' an 
nr H]ierial ^ if L viae . 

Bell ca'anks art' us< fi pniaarily ti ■ transmit 
Tnntinn frM\5i ^1 link tra\'-liir:- in ■ un- dirr idion 
t'5 anrithrr liiik wlu<'h it^ tn h> ninv. d ia j diff* r- it 
cUre(dif)n, Th^^ btdl (''rank is niMh.it* d -ai a Hx* d 
pivnt, and thr twn links ar* aiir (a rd at tvs) 
points m difbaa nt dirr r 1 ireni th>- pi\--t, llv 
.properly locatinii; the rnnnortinn pnintH, thpnef- 
[)ur links. ^an lin anach^ ^'^ nana' tn any ih^siri d 
dirra'tuue . 

All Hnkai;es r<-iuirf.' ecj^iMiial adjustnnaits 
nr rvpair , 4)arti(nd;irl V wla n tli^' v bi. r . a-i-u w'uan 
t";nakt^,Ui« propt rsi^ljust^int nts. a p. rsun tnust 
Vu faniiltar witli the banir parts wldrh (';Mnstitut> 



a linka^r, AcljnKtnn nts arn nnrmnlly made by 
, b lurtlu nino; nr shortenini; the rods and shtifts 
by nn ans nf a clovls or turnbuckle, 
^ ■* *y 

C^OLPLINCiS * 

hi a bi^nnd sensi / tlie tcann ' ' cauiplini^" 
.aL3i)li* s tr* anv du\dru that liidcls two parts to- 
- Mth. r. Lint^ shafts whffdi are made Up of several 
shafts d diff<aHiit baiLrthB may be hold together 
bv anv nf sevt ral tvpes of sliaft roUpluiRS- When 
^^hattH art' \aa'v cdosely alibied, the sleeve 
r,aiplinie as In fiLUUH^ 11 = 15^ may be usc^. It 
r-iisisis of a na tal tubr^ slit at each end. The 
sliib ^ I rnds oiiable tht clamps to fasten the sleeve 
si canN ly t^ the shaft ends. With the clamps tight- 
i i^<b thr ' shafts are held firmly toM:ether /md 
turn ;is out *Hha£t. ^ Lhr sleeve couplinu, also 
st i^os as a cnn\^*aiient ^levice for making ad- 
justnn iits brtuaann units. The weiu:ht at the 
oppnHitr t aid ^jf th^ tdamp front the screw is 
nu rtdy to nffsl t tht' weiirht of tin- screw and 
(damp arnis..l4^cUstributinLi: the weiii:lit more 
< \ * nlv, siiaft vibrate ui as reduced. 

I1h (aidham ('(uiplimi:. named for its inventor, 
niav be used tfi transmit roj^ary motion between 
slj^afts which aro pai^a^Ud mt not necessarily 
:i!wavs ii0^)enfotd alitunnenL 

An Oldham crRiplinu: (fiu,, 1V^16), consists of 
M pair of disk^^^ one fl^ and tlie other hulluw. 
'V\u SH Hi^ks rt 'pinned to tlie euds^ofthe shafts.. 
A third (cM iitor) .disk^ with a pair of liigs prn^ 
jf ( timi: fmni each face of the (Usk, fits into the 
sl^fs hftwNTn the two end disks -ind thus enables 
-u. .shaft to drive the other shaft. Act)il sprini^, 
ht iihsed witllin the center nnd th.e hollow end disk, 
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Figiire 11-14. ---Linkages. 



forces the center disk against the flat <tisk^ When 
the coupling is assembled on the ighait ends, a 
flat lock spping is slipped into the Sj^^ around 
thp coij spHng, The ends ofLithe flat sfling are 
formed so that when tl^^alt sprm^^ pushed 
'^nto the pr^p^r place j the^ids of t^^Hring are 
pvmhed out and locked around the ISlS. A lock 
wi>e is passed between the holes drijftl through 
the pro] ec ting lugs to guard the aSMttbly, Jhe 
\^coil spring compensates for any cha^^ in shaft 
length = (Shaft length vary due to changes in 
ternperature*) -I 




'if* ^ rr 



CLAMPS 



Figwe 11-15.— Sleeve coupling. 
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The disks, or rings, connecting the shafts 
allow a^mall imoimt ^radial pi ay i and this 
allows a smalj amount oMBEaisftligriment ot the ^ 
shafts as they rotate. Oldham type couplings can 
beis^easily connected ^d dlsconniected. J 

A universal Joint is the answer wrfen two ^ 
shafts not in the same plane must be c6upl€d* 
Universal joints may have various fprms; iTiey^ 
ai^e used in nearly all types and classta. of 
Aachinery^ An elementary miversal jointj 
^sonietime^ called a Hooke joint (fig. 11-17), 
consists %f two U-shaped yokes fastened to Jh^ 
ends of^^tije shaM to be 'connected. Within these 
yoke'r 4j a ci^^i^shaped part which hdld^ the 
yokef /together^^d allows each yoke to bend, 
or pivot J one wlftwrespect to the 'Other. W^ti^^ 
this ar^rangementj^^i^sh^ can (Srive the othfer 
even though the anp§ between the two is a^ great 
as 25"^ from alignment. Figure 11-18 shows A 
ringed trunnion type of imiversal joint, Thisife 
merely^ a slight modification of the old Hooke 
joint. This type is commonly used In automobile 
drive shaft systems. Two, and* sometimes 
threej are utilized. You will read more aboirt 
these in dhapter 14 if this book.^ Another type of 
%miversal joint Is us^ where a smoother torque 
transmission is desired and less ^structural 
strength is requirtd. This is the Ben^t^c- Weiss 
universal joint (fig. llM9)i ta thlg^e of Jotnt, 
four' large balls tranpit^t the ro^i^ force, with 
a smaller ball as a-ipacer. TOtfi^he Hooke 'type 
of unifersal joint, a whfpping motion occurs as 
the st^afts rq;tate--the amount of iwhip jdejpending 
on the^aegpee of sha|t misalignment. TheBendix- 
' Weiss toint does not have this disadvantage; it 
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ENT WIRE 
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LOCKING SPRING 
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COIL ^ 
SPRING 



Figure 11^16, ^Oldham coupling. 



transmits rotary motion with a constant Mgular 
velocity* This, type of joint %b both more ex- 
pensive to maniifacture and oi less strength than 
the Hooke types, however. 

The following fou^ types of couplings are also 
used ejrtensively in naval equipment: 



1, The fixed (sliding lug) coupling is non- 
adjustable; howeverj it doe^ allow for a small 
amount of misalignment in shafting .(fig. 11-20). 

,2, The flexible coupling (fig, 11-21), con- 
nects two shafts by means of a metal disk. Two 
coupling hubs, each splined to its respective 
shaft/ are bolted to the rftetal dls^. The flexible^ 
coupling provides a small amount of flexibility 
to allow for a slight axial misalignment of the 
sh^ts, 

3/ The adjustable (vernier) coupling\pro= 
^de^ a means of finfly adjusting the relation- 
ship of two interconnectQd rotating sh^s", (fig, 
11-22). By loosening a clamping bolt and turning 
an adjuring worm, one shaft may be rotated 
while the other rf mains stationary. When the 
proper relationship is ^alned^ tlie clamiDing 
bolt^ ii retigKren#^ locking the sh^ts together 
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4, Tlie adjustable flemble (vernier) cdltelh|| 
(|lg. 11-^3) it simply a dbmbinatlQn of lpB 
flexible disk coupling'and the adjustal^e (vernier) 
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CAM AND CAM FOLLdhVERS 

, i * ^' 

3 A c^n is a specially ^*haped syrface^ pro- 
fection, or gjbove whose movementwith respect 
to a part in contact with it (cam follower) drives 
the cam fcjllower \n anflther ^ movement in re- 
sponsi, A cam m# be i projection on a revolv- 
ing shafte (or on a wheel) for the purpose of 
changing the dfrection^ motion from rotary 
to up-anri-dowrfj or vice versa, pit may be a 
slidiii^^ece or a groove to impart an eccentric 
motion. Some cams do not move at all, but cause 
a change of motion in the contacting part. Cams 
are not ordinarily u^d to transmit power In the 
sense that gear trains are. They are generaMx 
used to modify mecianica,! movement, the power 
for which is furnished through other means. They 
may control other mechanical units, or lock 
together or synchronize two or mo^e engaging 



units. 
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' ^IdgtaA* p^^l^erM camSj alio iiflled disc 
cirtiV^^^i'^tf' "a mechanism in on© fflrectlbh 

, onl^^f#rlty or a iprlng being relied upon t 
hoiyroe ca^ roll in contact with the edge of th 
cfim. thi shape of the cam may be made to iui 
the^ /aetlon required, such as hewt shapfe., 
tkce cams haye a groove or roll ^th'cutin 
the face and operate a lever or other i^ichani^^ 
positively in both directionSi as the roll is d^T 
wiys ^ided by the sides of th^ ilot. Suchj^^ 
^poye can be seen on top of the bplt of tbe 
Browning machine gm, cidiber 730, or In J^ri" 
control cams. The shape of t|ie groove may givi ^ 
its name to the camj as for example^ constant 
lead cam, square cam^ rim^out cam* * ^ 

The toe and wiper cam shown in figure 11-24 i 

7^ (d) is an example of a pivoted beam. 




CLUTCHES 



TYPES 



Fl^e 11-20. -St'ixed coupling. 
Tjrpes and Uses 
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ly ehapf s and si^es and arc 
les ahd machine tools (fig. 
classified as: 
ams ^ 
Lcanis 




Cams are of 
%i^ely iteed in ma 
11 -2^ i dams may^ 
f^ai^rR^i&i or platf 
, * ^ 2. ■ Cylin^dr ical or; 
Pivoted beams 
A' alraM^ grouping of tjr^ep^bf cams is : Drum 
or, barrel canls; tedge can^; face ^cams. 

^The &^um or barrel cam has a'^ath.for the 
roll or foUower cut around the outsidfej and im- 
^^artrite tp*and-fro me^on to a slide or lever In 
arpMKe paraaiel to the asds of the cam. Sometimes 
t!>€se came lure built up on a plain drum with 
cam plfttes attached. :^ '-^ 

^ ^^kte citoi are used in 5'V38 arid 3' 750 
L gmis to op^the breechblock during cdunfer- 
if eeoll, r * * *^ 



A GMch is a form of cdupllng which is 
deftipied to connect or disiconnect a drivtag and 
4 driven , member for stopping or starting the v. 
driven pa^t. There are two general classed of >^ 
clutches "-positive clutched, and friction clutches/ 

Positive Clutches. Poiitive clutches have 
tefeth/^lch Interlock, TK**simpl^st is the Ja^ 
or claw type^ig. il -25l)s which is usable only 
at low speeds. The spff al claw or ratchet type * 
(fig, 11 -25B) cannot be reveriecU An exahiple 
of a clutch is seen in bicycles--it engages t' 
rear sprocket with the rMr^Jfheel when t 
pedMs are pushed forv^rd>i and lets the rear 
wheel revolve freely when the pedals are stopped* 

IVictibh Clutthes. The object of a friction 
clutch is to connect a rotating member to one 
that is stationary, to bring it up tojpeed, and to 
transmit power with a mlnimunf of slippage 
Figure 11-250 shows a cone clutch commonl 
used in motor trucks. They may be single-cone 
or double-cone. Figure 11-25D shows a disc 
clutch, also used in aut^s. A disc clutch may 
also have a number of Nplates (multiple-disc 
clutch). In a series of di^s, each driven disc 
is ^located between two drlVing discs.,YM may 
have had e^qperience with a mult^ple-discclutdh 
on your car. The Hele-Shawclirtchls^ combined 
conical-disc Wutch (fig, 11-25E). The grodve 
permits circulation of oil, and cooling* Single^ 
disc clutches are frequently dry ^clutches (no 
lubrication); multiple-dipc clutches may be dry 
. or wet (lubricated or rifii in oil)* 
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Figwe 11-23*— Adjustable flfxibla (vernier) coiqpling. 
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Mapietlc clutches Bre a recent development 
in which the. friction surfaces are brought to- 
getti^ by mapietic force when the electricity is 
tUTOM OT (fif. 11-25F). The toductlon clutch 
transniita powjer without contact between driving 
and tolven membtrs, ^ 

Standing clutches or rim wutches are 
named according to the^t way the pressure is 
appUtd to the rim— bloclt, split-ringj band, or 
roller. In one t^e^ e^qpanding clutch a power- 
fiil effect is gatoed by %e escpiuiding action of 
rl^t^and left-hand sftrews as a sliding sleeve 
ii moved along a shafts and ei^ands the bind 



against the rim* The eentr^gal clutch is a 
special application of a block clirtch. 

Coil clutches are used where heavy parts are 
to be movedp as in a rolling mill, Great friction 
is caused by the grip of the coll when It is 
thrust onto a cone on the driving shaft , yet the 
clutch is very sensitive to control. 

Rieumatic tod hydraulic clutches are used 
on Diesel engines and transportation equipfnent. 
Hydraulic couplings (fig* 11-25Q, which ser;^ 
also as clutches, art used in the hydrate A-end 
of electric-hydraulic gun driveSi ^ 
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Figure 11^24.--Classes and types of cams. 
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FigTii'e il-25p — Types of , clutches. 
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CHAPTER 12 



COMPLEX MACHINIS 



Wt*7e bean studying only the more simple 
maehyias so far. Now that we'vetf earned about 
them, let*s take a ^ look at some complex ma- 
chinag. toe of the first things you should learn 
Is to recogitoe the iimple nmchlnes which make 
Aig a comply machine; ^for a complex machine 
Is only a eottiblnatlon of simple machines. In the 
examplM f*^^ In tiiis chapter, look first for the 
simple maehinea. If you've beeh studying well, 
you ^oifld be able to predict what will happen 
when a force is applied at a given point in a 
simple wcblne. Make a step-by- step analysis, 
and you*il discover that complex machines are 
not as complicated o^ysterious as they first 
appear to be^ ^ 

PORlliOLE CLOSER^BLANKET 
* PULLER-UPPER 

Take a good look at figure 12-1 and read the 
directions for operation. This machine was 
invented by a guy named Oscar. Sea water enter- 
ing opm port is caught In helmet (1) hung on 
rubber taiW. Rubber stretches and helmet is 
pushed down against shaft of Australian spear 
(2). Head of spear tips over box of bird seed (3) 
which faUs in cage (4) where parrot (5) bends 
over to pick it up. Board strapped on parrot's 
back pidlfl on string (6) which releases arrow (7) 
and s^mk the port shut. Breeze from closing 
.port turns page on calendar (8) to new day. 

In ttte meantime, water falling over water- 
wheel (9) turns gears (10) which wind string (11) 
drum (12). This pulls blanket up over Oscar. 
Arm (13) puUs on cord (14) and raises board 
under alarm ^lock (15) slidii^ same into bucket. 

of watar, . 

In mme of mechanical breakdown at any pomt 
in thi^stem, helmet is tipped by off Renter p6g 
(18) e^^iiif ^ter into funnil (17): Pipe (18) 
directa water onto Elmer, who Is sleeping below. 
The ^mrf Is that Elmer will get^ up and do 
sometoi^ about that open port- or atfout Oscar. 



You'll probably agree that this nightmare is a 
complex machine. But, if you look carefully, you 
can aee that Oscar has put together several 
pimple machines to make this complicated de- 
vice. He has used a couple of levers^ several 
blocks, a gear train, and you can even find an 
inclined pjane under the alarm clock. ^ 

While this gadget is nonsensical, it does call 
attention to the important fact that a complex 
machine is nothtog more than a gjimblnatlon of 
two or ni^re^&ible machines, conveniently ar- 
ranged-to do th%ob at hand. It makes no dif- 
ference how big dr^aompllcated the machine is, 
you can figure out Mw it/ works if you under- 
stand the oparation of the simple machines from 
which it is made. Just as you did with Oscar's 
Goldberg, always start at the p6ii|t where the 
energy is applied and follow the rnpvement sys- 
tematically/ step-by-step, to the business end. 
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FUEL-OIL=HATCH COVER 

Here*s a complex mechanism that is ea^y 
to figure %ut. The hatch cover in figure 12-2 
weighs a couple ,of hundred pounds; and the de- 
vice which raises it is a complex machine. It 
is. complex because It consist^ of two simple 
machines-a jackscrew and a first-class lever. 

First locate the point ^ere you apply a 
force to the machine. ,That wrench handle seehis 
a likely spQtiRememtoer that you can consider 
this handle ^Mi it were the spoke of a v^dieel. 
Suppose you^rn this tandle in counter- - 
clockwise direction/ That will cause the nut n 
to move upward along the threaded bolt. One 
complete turn of the handle will cause Uie nut 
to move upward a distance equal tg the pitch of 
the thread on the bolt. The collar^ follpws the 
nut up and permits the lever arm 1 to rise. The 
other part of the l^ver arm L will move dewi- 
ward. Since 1 is much shorter ttianL,the dowi- 
ward movement of the cover will be much greater 
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- ' i3LS9 
Figure 12-U,=-A complex machine/ 

than the upward movement of tf^e hollar. It's 
a '-speed-up*- arrangement. 

The hatch cover la closed by turning the 
handle eounterclockwisej an^ is opened bytiirn- 
ing tl^handlt clockwiie. This eombinatlonof^o 
simple machines is better mechanically than 
one machine. j ^ 

He3|iia.how to go about figuring out how a 
complJR machine works. Locate the point where 
the energy'^ie applied and look over the part^f 
the jsiachine nesrt in line, ^ou say to yourselfj 
'^Orfj yeahj this ii really a jackscrew'- — or a 
wheel asd BXi^^ or whatever the machine hfcopens 
to be. -*If I turn it clockwise^ th6n thelkiece 
right here will move so. That- s going to cause 
this arm to move to the right. And since the 
arm la part of a^irst-class levefj the other 
end will move over to here to the left/- In every 
case; you follow through in a similar manner 
from one part' to another— carefully determining 
ttie dir#itfon antt magnitude of the motion'. 

Perhaps you will want to know tfte size of 
the foi^ that is exerted at some poirtt in the 
machine, <Dr perhaps the mechanical advantage 
up to a yfaoii^ Remember that the mechanical 
advantaiifrof a complex machine is equal to the 



product of the mtchaAlqal advantage of tach 
simple machine from wnich it is made* 

Aisumt some Jiumerleal valueii fortheha^ch 
cover in flfure 12-2 and see how you can cafc^ 
culate the medhantcal advantai€. For fKamplti 
allow 18 inched f or length of theWwoh from 
the end of.thehandletotheafnter of the bolt. Let . 
the pitch bf the thread be^'/4 ineh. The collar 
is attached to arm 1 5 indhes from tha fulcrum, 
and the center of the cover lies 18 inches from 

,the fulcrum aloog'arm ^ * 

The theoretical mechanical advantage of the 
jackscrew can ^e found by using the formula^ 



M.A. 



^ r - 

p ' ■ ... ^ 
' ■* 

2X3.14X18 ^ 113 
1/4 . 



a 452 



Since jackscrews rarely have efficitency of 
better than 30 percent, you'd be wise to multiply 
this theoretical mechanical advantage by 0.30, 
which gives an actual mechanical advantage of 
452X QJO « 136 for this part of the machines 

Now figure what the lever acti6ii does for^you* 
The theoretical mechanical advafttage of a lever 
system can ^e found by dividing the length of the 
resistance arm by tl^e length of the effort arm. 



M.A. ^ ~ ^ 0.278 



Notice that the lever gives you a mechanical 
advantage of less than one. Whenever the M.A. 
is less than one, you know that either the speetd 
or the distance of motion has been magnified at 
ttie expense of force. In this case, you can afford 
to sacrifice force for distance. ♦ 

The overall mechanical advantage of the 
machine is equal to the produ|t of *the two 
mechanical aSvantages, or 136 X ^.278 ^ 8T.8, 
This ia the standard method for figuring the - 
M. A. oT. complex machines. 



A WA^RTIGHT DOOR ^ . 

• i: . 

Figure 12-3 ^hows you watertight doot— a \ 
complex niachlti^ that is a: combinatiqn of a 
wheel*and-^axle |knd a systerfj ,o^levertfj That 
big centft* handif A is the pDint $U inputj which 
is the place to start. If you pull the handle to 
the right^j paint^a on irive lirtc 1 moves to the"* 
ri^ti that's gftng t^make point b on the same 
lefF 
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move to. the 



\9 



Wow look at drag ynk 2* 




It will be mpved 
V lint 2 moves in^ the 
^ arroii^ That action r 
hand^ end of the balk 
is tJ^ended to the loc 
time drag link 4 movi 
* pivoted fo the left-jii 
/ you follow the move^ 
that as its end a moV( 
of bellcrar^ 5 into tt( 
Now come back p 
' Its motion is Indicatfe^ 
, leve? 6 outwarjd' and 
and ,at the iame tii 
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Figure 12-2.'«A not-too- complex machine. 



Left. Pmnt a on drag 
ion indSated by the 
tl\e outer-- ot right- 
upwa^dj and the dog 
oaition. At the same 
nward-'because it is 
d of bell'Crank 3. If 
i link 4 you will see 
rijitrailNs the end b 
ng position. , 
M b of lever arm 2, 
'arrow. Endb moves 
he locking position,. 
m%B arm 7 to mpve 



downward. This . motion causes lever 8^^p be 
swung in a clockwise direction until it tod Jocks. 
You can se^that lever arm 9 follows the move- 
ment of sWnd thus causes the dog at the top of 
the door to swing into the locked position, ^ 
Probably, at first glance, thi| mechanism 
looked highly complicated. But it isn't, so tgugh* 
to fifure^out^ after alL . 



THE TyPE\^^ITEft 



{The standard typewriter (fig. 12-4) is a good 
e^mple of basic, or gimple, machinep combined 



BASIC MACinNES ' 
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Figure 12-3, ^It wprks ton 
■ m 



to make up a comprex maphine. Iri>the foriowing 
text and illuatrationaj see^^ haw iiiany basic 
machines you can identify , 



•CONSTRUCTION AND OPERAT^K 



TJie keyboard of a typewriter corftainsall 
keys, bars, levers^ etc., whidi are used whl 
operating the machine. . > # 

■ Each type key operafes a typ^' bar with k 
type head Aft ving two characters (top and bottom). 
When- a ite:^ ts depressed, the type head -is 
carried^ , up -tey' system, of levers intf) the type 
/guide where it Bcrikes a r.ibbo;i iq^ front of pape4' 
QTh the platen (rollrt^ an^Jprints one of the 
char^icters (sqldered on the' type head). , . 

The bar at 'the lower front tiosition of the 
k e y b oa rd is f o r s pa c in g t h e epr a p e ni e n t me c ha - - 
nism. /There i's a 'SHIFT key on each'side of the . 



keyboard fb> shifting the tope bars and s^mf nta 

. *p and dffwn, as rtectsafry, in order, to use 
characters in the upper, and lower positions on 
the type heads. Other'keys are for backspacing, 
setting and clearing the tibulator mechanlsfti, 
margin releasing, an^ so forth. There is also a 
ribbon selector lever, and another lever for 
changing direction of the ribbon, ' " 

A typewritef carriage is poeiti6nadQiiQr.be« 
twfe^n rails, and rides appn some type of roller or 
ball bearihgi. Thli carriagfe^ tncludes^lfie pM^ 
and all parts of the typewriter \^ich rifle wiih it. 
The energy which driveS'^the carriage ^Ue the 
machine is being operated comes £rom a main- 
spring enclosed in a metal drtim. A ratchet wheel 
and pawl .hold the mainspring In 'the position ' 
^sined for a certarin amount' of tension. A 4raW 
band connects the end of the TOatn^rtog to t|ie 

■ ;^^£ht end of the carriage, . - , 

' The . cai^o^iage rack, throi^h the e^apement 
mechanism (e^ilained later), controls uieepace- 
by-space nfovement of the carriage, Th^ teeth of ' 
the rack niesh/^wtfrth^scapem^rift Wheel pini^ 
The raflk and/pijiion a m<^on vent ional spur g^r 
and rac^^^sembli&s. Tlie\jni5n, whenturnadby* 
moven^nt of the carriage racy, turns tHe aadgipe^ ' 

*ment wheeL The movement ;^of the eacapement 
wheel is limitedby the escap^^nent rocker, ¥^ieh 
moves forward^ and backward, each time a key or 
thf space bar is depressed and released^ mo'Hng 
the carriage one^ space. Thus. the escapement 
rocker allo^^fhe c^riage tomaveon^y qnetype 

^ s^iace ,each timg a key or the spacebar is struck. 
Mayement of the carriage'for each type space is 
controlled by the escapement wHeel held by the 
Lp©SE dog of the escapement rocker' The eB= 
papemelit iwheer may rotatfe during regular typing 
(Ally by the disengagement of the loose'ddgfi^oVn 
the escapement wheel. When thp, esc^pemervt 
w^iel shaft ' turns, it also feeds the ribbon 
through the ribbon guide. ' ^ " 

The platen holds and controls the papef in |he 
typewriter ^rriage and serves as aba cksl^^or 

^Sy3 typeface , when it strike^ the papei^. Atthe left 
^nd 'of the platen there is a r&tchet, ^Mhich is held 
po^uion by a detent (shown later )j until it is 
moved by the carriage returp Ij^yerontheleft of 
tjie' carriage. The' function^ of this ratchet is to 
establish evenly spaced t^ed tines oi^the paper., 
^In the middle of t|ie left platen in/figure 
12^4 -a vaniable line spacer- is indicate. This 
variable, line spacer is actually a clutch fe^W^ee^ 
ratchet and the platenj it holds the .^lateh 
rntchet in a fixedj. locked relatiqn to the platen. 
By ,pushin^^ the v^i'i^ble line' spacer in with the 

■ " , - J- • ■ ■ 
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SHIFT K!Y 
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BASIC MACHINIS 



10ft hMdy oper^w f #l#as|ts^e clutch and can 
tiie^ thf plattn to any dtsirid po- 

si^OAp/IOnimrd l&r b^ojnmrdp *wlth either hand. 
|tht Si^i^tw ta^ts^^^ on a typtwrlt@i^ re^ 
th@ ratahet dMeM ^nd enables the operator 
to/'Veturn the pULtfn to at) estaWlshed writing 
ifne ^theut using the variable mteha^ism. 



The escapement mechanism (fig « 12-5} is the 
"heart*' 6f a^ewriter. It controls movement of 
,the carriage during typing, allowing it .to move a 
prescrfbed distance for each actuation oifthe 
escapement dogs (illustrated). The escapement 
is actuated once every tin^e a type key is de- 
pressed and released, or once with each actuation 
of ttie space bar. ^ ^ 

^ . - - An Mcapement consirts primarily of&^eel 
(with teeth on its peri^rftwt^^hich works in 
conjunction with two hoMlng dogs in a pivoted 
rocker mechanism* Study the illustration. As the 
dogs are moved back and forth, the wheel jteeth 
contacf flie dogs alternatelyj reiulting in the 
rotation of the wheel in EQUAL movements or 
stfps. V 

The escapement rocker rocks forwaiid and 
backward with respect to the front of th^^pe- 
writer* This rocker contains the loose ddg (catch) 
and the rigid (stationary) dpg* As the escape^ 
meht rocker pivots on a pivot pin and a pivot 
screw, it diaengages the loose dog from an es- 
capement wheel tooth and permits the escape- 
ment wheel to rotate. As the Loose dog moves 



crff ah^^ftSpeffienriifeief 1 tootB, the stationary dog 
nroves between the teeth of the escapemi^t 
wheeli limiting the rotation of the escapen^ent 
wheel to th# distance trbrii one tooth to ahbthe^. 

\^en a/typewriter is not in use, one tooth of 
^e escapement wheel rests against the LOOSE 
DOG. Note the position of the loose dog in figure 
12w5 (rear view)* Tension of the carriage main^ 
spring creates a force on the escapement ^eef 
and overcomes the tension of the loose dog 
spring and forces the loose dog against^a stop. 
When a key is depressed, or th# space bar is 
depressed^ the upper portion of the escapement 
dog body is rocked to the rear, moving the loose 
dog out ofthepattiofthewheelto^h..^ the same 
timej the rigid d^ is moved ^Imo the path of the 
wheel tooth and the tooth stops against the rigid 
dog. When the'looje dog Is disengaged from ^ - 
eacapement wheef*tooth| thft ^oM^ dog sprlfl^-- 
pulls the loose^dog to a position halfway between 
the next tooth and the one from which it was 
diser^aged.. ' 

When the escapement medhanism return^ to 
its normal positionj the Joose dog engages ah ^ 
escapement ^s^ee \ tooth and is forced back ^ 
against the loose dog stop by the pull of the matr^ * 
spring on the carriage. The escapement is then 
completely restored andready for the next cycle. 

The sequenc^of , mecbanical action which 
takes place during typing is as follows: 

1. When a key is struck (depressed) with 
sufficient force to type, th^ ribbon rises to 
cover the type. 
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LOOSE DOG 
STOP 
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Figure 12-5,— Escapement mechanism. 
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^ a. iNit typte p*^tatgOiit^^ a sproekrt and -ctmin on the other end of Hie 

Is ad¥aMedl/t#4ae by the ribbon ihaft to rotate* The chain vAtioh passes over 

' 'mechanism, ^ this sprocket dHves anoWier sprocket wheel an 

\ TTit iscaf esifftt fbtiks, allowing tht eS- the rl^ end of the rlbbondrlve shaft (fig* 12-7). 

captment^eel to Mvance 1/2 space; and Two pier pulleys guide the drive chain and m 

the escapement pinion and carrtage tain proper tension on it^. 

feed raok.aUow tHe eat^rlage to move 1/2 ^ ' Wien the drive chain turnsthe large sprocket 

mp§^am. ^ ' ^ wheil on the ribbon drive shaft, a small gear on 

. 4. TTiV iseapement rftur^^^ the drlv& sh^lt meshes with a ribbon spool shaft 

" position, allowing the carriage to move (gear (right or left) and drives the ribbon spool 

I 1/2 space ^nd the ribbon <o advance 1/2 ^haft. , When the ribbon spool shaft revolves. It 

space. ^ turns a gibbon spool on top and winds the ribbon 

^ ^ ■■ „ , in smair Increments onto It* If the ribbon drive 

TYPE BAR MiqHANlgM- ) ^shaft Is shifted to the right, automatically or 

' \ . ^ ^ ^ ' manually, the right drive shaft gear meshes with 

^he type bar mechanism carries the type tl^e right ribbon spool shaft gear and revolves the' 

bar up to the platen when a key is depressed. .Tibbon ffeol shaft. When the ribbon drive shaft 

The manner In which this mechanism works is is shifted to the left, the gear^ on its left end 

Illustrated in figure 12-6^\When, a typt key is Sriyes the left ribbon spool shaft and winds the 

.depressed. It pivots and depresses a spring be- ribbon fb theleft. 
neath (key leyer tension spring). At the same . , .4. 

rtlnie, It pulls the bell crank forward and .causes ^^^^^^^ ^^i^^ shaft Detent ' ^ 

It to pivot on the fulcrum wire whlc^ paseea 

through Its base, A wire link betj^n the bell ^^^^ chanf e the directidn ota typewriter ^ 

^rank and the type bar then pulls thebase of the ^^^^^^ by shifting a reverse lever (fig. to 

type bar forward, causing it td pivot on the ful- 1^ ^^^^^ ^^^^ ^ ^j^t 1^ ^j^^ Igv^r limfts the^ 

CMifn wire and move the type bar into the type ^^^^^ of spac^the lever may be moved, and a 

guide (fig. 12-61. When the type bar goes ifito ^^^^^^^ retains it in^theposftion to which it 

the type guide, the bar pushes the universal bar niov^ The rear arm of the reverse lever fits 
back, causing the bunter fod to trip the escape- ^ ^^^^^ ^^11^^ the left end of the 

ment d^s and allow the carriage tdjf move one ^^^^^^ ^rive shaft, and moves the shaft to the " 

space. The segment stop ring lS-6), called ^.^^^ ^^^^ ^^^^^ ribbon^ reverse lever id 

the WHIP, prevents the type bar from springing, ^ j^^oved. 
thus ensuring clear printing on the paper. When - ^ 

tiie key is released, the key lever tension spring , 

(plus the weight of the type bar) forces the key Ribbon Reverse Mechanism 
lever up, returning the type bar action mech- 
anism to fts REgr position. The functionof the ribbon raverae mechanrsm . 

While the type bar actiOn mechanism is is to reverse the ribbon autoniatically ^r^trt a 

* operatmg, the kev leverlnd the ribbon universal full ribbon spool to the empty ribbcJp4pboL The 
bar also actuate the ribbon lift mechanism., action of this mechanism ensures <itilization 

. . V ; the ir^ % the full length oL t^e ribbon and ths^ 

RIBBON DRIVE MECHANISM Same de^ee of brightness of Color in every line ^ 

^ % of type. The ribbon reverse mechanism is il-^^ 

The function ofthe ribbon drive mechanism is Itistrated in figure 12-7. ^ 
to mouaJbe ribbon from one spool to another in ^pte the ribbon spool, ribbon reverse trigger, 

definlteincr^ments each time a kev or the space riU|Dn reverse plunger, and the reversing cam 

bar is depress^d^ and to raise the riM66n to the onftne ribbon driye shaft. , , ^ 
line of type. Refer to figure 12-7 as you study \The end of the ribbon is attached to the gibbon 

how^the ribbon drive mechanism wor^. spool by a, catch. As long as there is one com- 

^Vhen the typewriter carriage moves on4 plete turn /of ribbon on the riSbon spool, the 

space to the left, the escapement wheel (fii. ribbon reverse trigger is held in the IN position 

12-7) rotates the distance of one tooth. A small and th^ trigger holds up the plunger ihaide the 

s^ear on trte escapement wheel shaft meshes with ribbort spool shaft, so that the loWer end d^ilie 

a small^iear on the ribbon feed shaft, causijig K pmnger does not c^me into^ contact with the 
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Figure 12-6.— Typf bar action mtchanrBtn. 



lAQK 



r,0%erslng cam on ttit ribbon tirive shaH aa It spool and releasti. its hold on the top the 
rotmteii ■ ^ ' ribbon revtrst^mger. As the, ribbon rtvtrse 

Whtn a ribbon spool starts its last revolutwji pWnger drgpa^^^g^wi, it ^ov^s Intb the path of a 
btfort becoming' cosipletely empty, toe rlbtton reversing mm onthe rlbl^m drive shafts c^Mslng 
reVerseJtrlfgtriA|0hbas bean holding the ritfiba the drive shaft to move latarally, toer^y distn^ 
rfvers^lungtr up, ntDves OUT from the ribqon '^gaging the drive shaft gear from the ribbmspooL * 
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gear at om mud and engaging tht drlva 
'shaft gaar and opposite spool shaft^gear at the 

* As ttie ribbon starts to wind onto the empty 
rlbbm spools it puidies the ribbon rtverse trigger 
inj cauglng the other ' end of the trigger to en- 
gag© the slot in the top of the ribbon reverse 
plunger and raist it above the reversing cam on 
the ribbon drive shaft. 

Ribbon Lift Mechanism 

^ The ribbon lift mechanism lifts the ribbon to, 
a position in which it may be struck by the type 
when its presence is requtredj and folet it down, 
when not required (to allow reading of a line t^at 
is being typed). Study illustration 12-8 as you 
follow the description df the operation of this 
medhaiiiim.^ ^ ^ 

When^ a t^pe key is^depressedj the key lever" 
contacts a prong, immediately beneath, which is 
connected to the ribbon universal bar (U-bar), 
causing the tJ-bar* to pivot its top forwaTd. As 
the U-bar top pivots forward It raises the ribbon 
guide actuating Lever link between the U-bar and 
the ribbon guide actuating l#ver. The ribbon 
guide actuating lever is connected to the ribbon 
gpide (carrier)' and raises it 'when the key is 
depressedj^ fel'inging the ribbon up in tjosition to 
^be stru6k by' thf type head.- A spring provides 
tension to reBfore the ribbon guide actuating 
,la^r. . • 

y^ote that the ribbon guide actuating lever has 
a hjorizontal ilot in the middle^and the horizontal 
slot has ah indentation |n its upper siirface. Then 
note the ribbon guide actuating lever link shift 
lever connected to the left end of the ribbon= 
ghift shaft. On jh^^^ght end of the ribbon shift 
shaft is the ribt^n shift d^ent to which the ,ribbon 
bichromt *Shift lever is coAnected', ^ 

When the riSbon bMKtome shift iS^vsr is in 
tl^'e BLACK ppfition, the ribbon guide actuatoe 
lever^ link-^',ghift lever moves to.^ position ihe 
ribbon guide actuating lever link At the' front 
^end'iblack posijion) of the horizontal slfi^t in ihe 
. rlbtooh guide^irctuating^ levers NoW| when a /Key 
^is depressed, the ribbon guide actuating i^v#^ 
^moves the ri^on' gu!&e in position for the ,^pe 
head ^ to strike the upper fblaCk)^pOTAon^of 
ribbon. If the ribbon bichrome shift lever is 
nitjved to the WHITE positron (st^efcil), the ribbOa 
guide actuating lever link shift lever moves the \ 
Wbbon gu^ie/actuating lever link to the cehflb^ 
of the horizdnta/l slot in thstribbon guide actuatuif"^ 
levef. When type keys are depressed, the ribbon * 



guide -actuating. levtr link moves u^ and dowri 
in the vertical slot^oi the ribbon guide actuating 
4evir without moving it, enabling the, typist to 
print character^ directly on the stencil because 
there is no ribbon in Jront of the type heads. 
If the ribbon bichronie shift leVer Is moved to 
the RSD position, *the ribbon guide actuating 
lever link shift lever moves the ribbdn guide 
actuating lever link to the r^r end pf the slot 
in the ribbon guide actuating leVer, If typing is 
^apne with* the ribbon guide actuating lever link 
in this position, the ribbon guide actuating lever 
carries the ribbon, guide high raough for the 
type heads to strike the lower (red) portion of 
the ribboii* . - 

Having three positions for setting the ribbon 
lift mechanism permits efficient use of a stand- 
ard two-coLpr typewriter ribbon and allows the 
typist to fClit a stencil by merely movli^ th4^ 
ribbon bicliromfe shift lever to the WHITE posi- 
tion. 



BAG KSPAC E MECHANISM 



The function of the backspace mechanism is 
to enable a. typist to move the carriage one or 
more spaces to the right wlienever necessary. 
This mechanism is shown in figure 12-9. When 
the backspaci key rever is depresae^, theback- , 
mpace key^rver link causes the bell crank tov 
pivot arid transf^ the PULL to a horizOntar 
lane. The backspace slidf \b then moved to the 
eft at tbe^two guide slots shown in the illustra- 
tion. This action causes a backspacing pawl to^ 
engage a tooth' on the escapem,ent -wheel pinion 
and turn the pinion clockwise until the pinion 
pawl on the escapement wheel riioves over one 
tooth on the pinion. Since the carriage rack is 
engaged with the escapement wheel pinion, the 
carria^ i^ ^Iso mo'^#d back ohe space to tte 
right', ' . ' . 



^TABULATOJR ^MfccHAlrfSM 



The tabulator mechanism o^^a typewrifer 
enables^the ^^ist to moye;t^[ecarrmge a cfefinite, 
predetermined distance^^ depressiptg tfte tabu- 
lator bar (yg. 12=10). fieffe>'to this illustration 
frequently aa you ^tudy the nfanner in whidh the 
tabulator mechantem w^r'ks, ^, 

If tb^e tabulator sto^ are s6t as shown at 
left-center in figul^e 12-10 and the tabulatdji' 
bar is depressed, the tabulator bar frame raises 
the key te^t ta^lator (KS^) stop blade aad 
arm on th^.e^KST^ stop blade contacts aii^raises 
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' SHIFT LIVER 



■\ 



Figur«r43-8, --Ribbon lift mechanlim. 



the lil^ltQi' lever actuating plate in frdnt ©f 
• the MT frirme, caustag the iShaft to rotate. A 
sh^ arm <*haft arm) attached to the end of 
thti shaft mows down and deprfesses the tabu- 
latv^^vW, ^ich pivots, and a roller on front 
'^^^ ^e tabulator lever lifts the carriage fe^ 



raek out of mtsh with the escipement whjp 
piftion, allowlr^ tiie carriage to move to toe lift. 
By the time the carriage fert rack Is raised 
out of mesh with thfe pinion, tiie stop bl^© 
has mov^ up into the pa|th,0f a set tebulator 
stop, as show in figure^ ia-10 (left- center;* 
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aACKSFACE 
liLL CffANK 



esCAPiMfNT 
' PINION 

BACKSPACf iSCAPf MINT 

SLiDi flG4^FBiiNT\ . WHiEL, 



f 




ESCAPiMlNT 
WHtfL 
LOCKING ' 



Figure 12-9.^Back spacer mechanism. 



^hf j|tDp pravents the carriage from movli^ 
bayoiid this point. 

1*hei.8§CEpiment wheel locking pawl^ In con- 
fimctlon with tiie escapement dogSj prevents trfe 
Escapement wheel from moving out of position 
whUe the feed rack is disengfiged, ^en the 

'tabulator lever actuating plate in front of the 
XST frame ie rais^, a yielding device on the 
left end^'of -the shaft moveji-afainst the spring 

' drum brake arm and presses ttie brakeshoes 
agatiist ttie side of tte sprlnf| drum with enough 
forae ti^reg^ate the speed of the carriage^ 



, Tabulator Stop Setting Mechanism ■ 

Tikm tab^ator stop^ mechanism stops the 
oaVkige at tha desired position/ When the 0ET 

' key i« deprifised witiitiie carriage In any desired 
position, the key Aever raises the stop rettiiig 
Itak'fliower link), ttown In fl^re 12- 1 1, niovlng 

^'tte st^ s^tinf It^ (upper link) d^wn agalnrt 
the Wop Imnlfedlately beneato It, and moves the 
stop to its Idwer or SET position. The stop re- 
''ttialns In this position until It Is cleared. 

' Tabulator Stop Clearing Mechanism 

The tabulator rtop clearing mechanism 
enables you to. clear a set tabulator stop by 



depressing toe TAB-CLEAR key. To clear In- 
dividual stops, tab^ate to the stop which is to be 
cleared and depress the tab-clear key. Thekey 
lever then raises the clearii^ plunger, which 
contacts the bottom of the stop and riilses It to 
the cleared or UP position. 

To clear all stops ^Ich are set, move the 
carriage^ to the ejrtreme left. Then depress the 
TAB-CLIAR key and hold It down v^lle you move 
the carriage to the extreme right « The bottoms 
of the tabulator stops contact ttig beveled portion 
of the clearhig plunger, -^lilch ralilsthemtothe 

of ttie plunger. 

SHIFT MECHAOTSM 

The function of the shift mechanism (fig. 12- 

-12) Is to raise and lower the segment ahd type 
bars so tiiat Ihe typist may be iftile to type the 

^upper and lower case characters oh ttie tfg% 
heads on a coi^mon lihe/ When you depress a 

' SRiFT key, the shift mechanism moves the s^- 
ment and type bars to tte DOWN j^sltlon* By 
depresshig a shift' key LOCK mtt to the shift 
key, you can re^hi the ^egmesA and typa bars 
In the down position as long as 4eslred, The 
^shlft key lock lever Is a simple, sprlng^loa^^ 
catch. When the lock Is released, the segment 

, returns to tee rest position. 
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* Figure 12=iO.^Tabulafor mechanism. 
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Plgurt 12-11.— Tabulator stop setting mechanism, 
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Figurt 12-12---Shift mechanlsm. 



Depressing the shift key rotates the shift lock 
release shaft throu^ a connecting link and an 
arm seaured to toe atmit. The shift lock release 
shaftf through thr^shUt operatic link, turns the 
segment lock release IWe shaft (Ulustrattd). The 



lower toggle arm Is secure to the segment iock 
release link shaft andtheupperjtogglearjhat the 
toggle arm pivot (fig. 12-12). The upper toegle 
arm connected to an aldjustment ^^enirCc 
(s^^^togfle stud). As the lower Wgle arm 
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pivots forward, the loct is released and the action , 
of the lower and upper toggle arms pulls the leg- 
ment bracket (carrying the segment and type 
bars) do^ until tiie upper stop rests agalngt the 
lower stop, ^ 

When a shift key lever, right or left, is re- 
leasedj a spring raises the shift key lever. This 
reverse action helps to restore the entire mecha- 
nlsmj but the power requlr edtp raise the seiment 
bracket is supplied by two springs^ one right and^ 
one left, which are connected bttween the seg- 
ment bracket and the ribbon spool shaft brackets. 

When the segment bracket is in the extreme 
upper position and the key shift lever is up^ the 
^ower toggle arm moves slightly over ceHter 
toward the rear of the machine,- locking the seg- 
ment bracket in the upper position, thus prevent^ 
ing it from bouncing and causing irregular print- 
ing on the line. 

BELL RINGER MECHANISM 

4 

The ball ringer mechanism rings a bell to 
indicate that the carriage is approaching the 
tabular stop set for the right margin. Refer to 
figure 12-13 as you study this mechanism. 

As the typewriter carriage moves to the left, 
the bell tilp pawl on the right margin stop moves 
the bell hamjner lever and the hammer away from 
the bell. When the bell trip pawl moves past the 
cam portion of the bell hammer lever, the bell 



hammer lever Is released, allowing the hammer 
to strike the bell under spring tension, 

LtNE LOCK* MECHANISM 

The margin stops arrest the movement of the 
carriage to thi right or left/^ The line lock, 
actuated by the margin stop, locks themilversal 
bar to prevent type key^' from overtyping on the 
last letter ^en tfr^* carriage Is stopped. The 
lina lock lever also locks the escapement In posi- 
tion to prevent operation of the space bar while 
the line is locked, and 'to prevent overspaqlng 
when the margin release key is dOTressed. 

When the carriage movesto the^eft, the mar= 
gin stop contacts the margin release frod arm 
(center). See figure 12'14. As the margin re^ 
lease rod moves to the left, the margin release 
rod arm (right) on Its right e^rtremlty contacts 
the line lock actuating lever and moves it to the 
left= The line lock actuating lever then pivots 
at the- pivot point (fig, 12-14) and puUs the line 
lock lever comb Imk connected to the link lock 
lever to the right, causing the line lock Itver 
to position itself behind the bunter plate and 
around the bunter rod. 

If a key is depressed when the line lock mech- 
Linism in this position, the type bar is pre- 
vented from making an impress^ on the paper 
by the universal bar bunter plat^elng stopped by 
the link lock lever adjusting screw. B ecause thev 
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Figure 12- 13. --Bell ringer mechanism. 
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Figure 12-14.— Line lock mechanism. 



U-bar cannot move the bunter rod rearwards^ 
this action also prevents the escapement from 
tripping. If the apace bar is depressed with the 
line lock mechanism in this position, the line 
lock lever prevents actuation of the escapement 
by its contact with the bunter rod, 

With the link lock mechanism in the position 
Jtist ejqplalned^ no more typing can b^done on 
^this line untU the MARGIN-RELEASE key is 
\ depressed, causing the margin release rod to 
. rotate and move the margin release rod arm 
fastened to it down below the margin stop. Study 
the illustration. The margin release rod then 
moves to the right and allows the line lock lever 
actuating lever to move to the right under spring 
tension, freeing the line lock lever from the 
bunter rod and the U-bar buntl^^ plate. 

L*NE SPACE MECHANISM 

A typewriter line space mechanisrp ensures 
the same amount of space between lines of type 
when the adjuster is set for a definite dlstarfce. 



r 

The manner in \^lch this mechanism works is 
illustrated in figure 12-15. 

There are three positions to which the line^ 
space adjuster of a typewriter may be set. The 
action of the line space pawl on the platen ratchet 
for all three positions is shovm in figure 12-15, 
Study it carefully. The ratchet v/heel In the il- 
lustration has 30 teeth (6 lines per Inch)* 

When the line space lever la moved to the 
RIGHT, the line apace pawl contacts a tooth on the 
platen ratchet and moves it rearwardsthe amount 
of space set (position 1, 2, or 3). After the 
ratchet is moved back to one of the three posi- 
tions, a detent roller (fig .12-15) ^Ich is engaged 
with the plkten ratchet holds it in place. 

PINION STOP SLIDE MECHANISM 

The purpose of the pinion st^-sljlde mecha- 
nism is to prevent overbanklnt at the left mar- 
gin when the carriage is retuniedwltii excessive 
force or speed, and alsotopi^entunderbanking 
when it is returned with little force. The pinion 
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Figure 12-15. ^Line space mechanism. 
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stop slide (fig. 12-16) maintains the pinion in a 
fixed position as the Carriage is banked. Any 
yielding of the carriage as a result of excessive 
force or speed whefrit banks is compensated for 
by the spring-loaded carriage feed rack. 

As the carriage moves through the last space 
juit before banking, ttieleft margin stop contacts 
the pinion stop slide actuating slide and moves it 
to the right imtll it contacts and stops against the 
margin rtl^si rod arm. By means of the pinion 
stop slide inteimedlate lever, the pinion stop 
slide is moved to^he left and the edge of the Up 
moves into the teeth of the escapement v^tel 
plnioq and prevents the pinion from turning. If 



the carriage yields enough to equal one space, 
the yielding device and yield spring on the car- 
riage feed rack (fig, 12-10) yields and allows the 
rack to remain at a correctly fixed relation with 
the pinion ^ile the carriage continuei until its 
momentum is expended. 

SUMMARY 

^ The operation of complex machiTies will be 
much easier for you tounderstand if you will keep 
In mind the following points: 

A complex machine is nothii^ Aiore than a 
combination of two or more simple machines. 
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Figure 12-16.— Pinion stop slide mechaniem. 



.You can figure/out how a complex machine 
works if you undferstaftd the operation of the 
simple machines from which it is made. Look 
first for the pora where energy Is applied^ and 
follow the action mrough step-by-step— carefully 
determining the piRECTION and MAGNITUDE of 
movement at eaah step. 

The meehaiicaj advantage of a complex 
machine is ^ual to toe PRODUCT of tha 
mechanical awantage of each simple machine 
from which it Is made* 



When a machine gives a mechanical advantage 
of MOaE THAN ONE J it multlpHestheFOHCEqf ^ 
the appl^d energy. When It gives a mechanical 
advantage of LESS THAN ONE, it multiplies both 
the DISTANCE and the JPEED of the applied 
movement. 

More examples of complex machines will be 
given in the following chapters of this book. None 
of them should be too difficult for you to under- 
stand if you analyze each of them carefully by 
the methods described In the foregolr^. 
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I The automobile is a Jamiliar object to all of 
us; and the engine that makes it go is one of the 
most fascinating and talked about of all the 
complex machines we use today. In this chap- 
ter we will explain briefly some of the opera- 
tional principles of this machiWe, andthenbreak 
it down to its more basic mechanisms. In its 
makeup you will find many of the devices and 
basic mechanisms that you have studied earlier 
in this book. Look for thf se and the simple 
machines that ynake upjthe engine as you study 
its operation and construction. 

\ 

\ ■ 

CdimuSTION ENGINE 

An engine is defined simply as a machine 
that converts heat energy to mechanical energy , 
To fulfill this purpose, the engine may taTce one 
of several form^^^ " 

Combustion ispe act of burning. Internal 
means inside or 'fenclosgd. Thus ah internal 
combustion engine is one in which the fuel burns 
inside; that ISj burning takes place within the 
iame cylinder that produces energy to turb the 
qrankshaft. In external combustion engines, 
such as steam engines, the combustion takes 
place outside the engine. Figure 13-1 shows, in 
simplified form, an external arrd an internal 
combustion engine. 

The external combustion engine requires a 
boiler to ¥mich heat is applied. This combustion 
causes water to boil to produce steam. Thj 
steam passes Into the engine cylinder under 
pressure and forces the piston to move down- 
ward. With the internal combustion engine, the 
combustion t s place inside the cylinder and 
Is directly rebkJOnsible for forcing the piston to 
move downTOrd, 

The transformattbn of heat energy to me- 
chanRal ener^ by the engine is based on a 
fundamental law of physics which states that gas 
win expand upon application of heat. The law 



also states that'vmen a gms is compressed the 
temperature of the gas will increase, pthe gas 
is confined with np outlet for es^ansion, then 
the pressure of the gas'wlU be increased wheiv 
heat is applied (as it is in an automotive cylin- 
edgr). In an engine, this pressure acts against 
the head of a piston, causing it to mov^own- 
ward. n A = 

As you know, the piston moves up and down 
in the cylinder. The up-and-down motion is 
known as reciprocating motion. This recipro- 
cating mdtion (straight line motion) must be 
changed to rotary motioi> burning motion) in 
order to turn the \^eels of a vehicle, A crank 
and a connecting rod change this reciprocating 
motion to rotary motion. ' ^ 

All internal conibUstion engines, v^ether 
gasoline or diesel, are basically ttie same. We 
can best denijoristrate this by sayii^ they all 
rely on three things— air, fuel, and ignition, 
, Fuel contains potential energy for operating 
the engine; air contains, the oxygen necessary 
for combustion; and ighit'ion sta^s combustion. 
All are fundamental, and the engine ^11 nol 
operate without any one of toem. Any discus- 
sion of engines must be based* on these three 
factors and the steps and mtGhanisma involved 
in delivering them to the combustion chamber 
at the proper time. ' 

DEVELOPMENT OF POWER 



The power of an internal combustion engine 
comes from the burning of a mixture of fuel 
and air in .a small, enclosed space. When this 
mixture burns it expands greatly, and the push 
or pressure created is us^ to move the piston, 
thereby crai^ng the engine. This movement is 
eventually sent back to the wheels to drive the 
vehicle. 

Slnoe similar action occurs In all cylinders 
of an engine, let^s use one cylinder in our de- 
velopment of power. The one-cylinder enfiuft 
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i 

consists of four basic parts as showi in figure 
13-2. 

First we must have a cylinder which 
^closed at one end; this cylinder is similar to a' 
tall metal''Can, 

Insl^ the cylindfer is the piston, a movable 
metal plug, which fits snugly into the cylinderj 



but ca,n 'still sliie up and down easily . This up- 
and^d^wn movement, produced by the burning of 
fuel in!me cylinder, results In the production of 
power from, t^ge engine, (N 

You have already learned that the up-and- 
down movement is called reci^o eating motion. 
This motion must changed to rotary motion 
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Figure 13-2. -Cylinder, piston, connecting rod, and crankshaft for a one-cylinder engine, 
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so the \*^esls or^trmcki of vthlctes canbe made 
to irotate. This change is accompll^ed by a 
crank on tte craiikshaft and a connectlni rod 
which connects between the piston and the crank. 

The crarOcShaft is a shaft with an .offset 
portion^ the cranky which describes a circle is 
the ihaft r,otajtes. The top end of the connecting 
rod is connected to the piston and must there- 
fore go up and down. The lower end of the con- 
necting rod is attached to the crankshaft. ^ThA^ 
loyer end of the connecting rod also moves up_- 
and down but^ because it is attached to the crank-^ 
sbitft, it must also^ move in a. circle with the 
crank. , 

' When the piston of the engine slides down- 
Jlward because of the pressure of the expandi^ 
gases in trie cylinder, the upper en^ of the ^pn- 
necting rod moves downward with the pistonj in 
.a straight line. The lower end-of th^connecting 
rod moves do^wl and in a circulap^otion at the 
sam% time. This moves the crank and in turn 
the crank rotates the shaft; this rotation is the 
desired result. So rememberj the crankshaft 
and connecting rod combination is a mechanism 
for the purpose of changing straightline'j up-and- 
down motion to circularj.or rotary mbtion. 

BASIC ENGINE STROKES ,^ 

Each movement of the piston from tojD tu 
bottom or from bottom to top is called a stroke. 
The piston takes two strokes (an upstroke and a 
do^stroke) as the crankshaft makes one com- 
plete revolution. When the piston is at the top 
of a stroke, it is said to be at top dead^enter 
(TDC). When the piston is at the bottom of a 
stroke, it is said to be at bottom dead center 
(BDC). These positions are called rock posi-^ 
tloni and will be discussed further in this chap- 
ter under "Timing:'* See figure 13-3 and fig-^^ 
ure 13-7. 

The basic engine you have studied so far has 
had no provisions for getting the fuel- aw mix- 
ture into the cylinder or burned gases out of the 
cylinder. There are two openings in the en- 
closed end of a cylinder. One of the openings, 
or ports, permits the mixture of air and fuer to 
enter and theotherfportperrnitstheburned gases 
to escape from fce cylinder. The two ports 
have valves aii/epbled in them. These valves, 
actuated by the ramshaftp close off either one 
or the ottier of the ports, or both of them, dur- 
ing yarimis stages of engine operation. One of 
the valves, called the intake valve, opens to ad- 
mit a mixture of fUel and air into the cylinder. 



sequence is called 
During thisHroke, 



The other valve, called the ekha#st valve, opens 
to allow Jthe escape of burned gases after the 
fue^and-air mixture h_ps burned. Later on you 
wilMlearn ^ore about how these valves and their 
memanisms operate, , . 

The following paragraphs give- a simplified 
explanation of the action that takes place within 
t^e -engine cylinder. This actfon may be divided 
into four parts: the Ihtake stroke, the com- 
pression atrokf, the power stroke, and the ep- 
''haust stroki^ ^ Sinc^ thes^ strokes are easy|to 
"identify in the operation of a folir-cycle engine, 
that engine is used in* the description. This type 
of engine is also called a four-stroke-Otto- 
c^le engine^ because it was Dr. N. A. Otto who, 
in 1^76, firsf applied the principle of this en- 
gine. ? \ f 

-'INTAKE STROKff^ / ^ 

The first stroke in th|^ 
the intal^f stroke (fig^. 13-4) 
the piston ip moving dowajWrd and the intake 
valvf is open. This downward movement of the 
piston produces a partial vacuum in the cylin- 
der, and air ahd fufl rush into the cylinder past 
the optn intake valve. This is somewhat the 
same iJfect ag wh'tn Vou drink through a straw. 
A partial vacuuni produced in the mouth and 
the liquid moves up through the straw to filMhe 
vacuuni. ^ ' ^^^'^^ 

COMPRESSION STROKE 

When the piston reaches bottom dead center 
at the end of the intake stroke and is therefore 
at the bottom of the cylinder^ the intake valVe 
closes. This seals the upper end of the cylin- 
der. As the crankshaft continues to rotate, it 
pushes up, through the connecting rod, on the 
piston. The piston is therefore pushed upward 
and compresses the combustible mixture in the 
cylinder; this is called the compression stroki 
(fig. 13-4). In gasoline engines, the-mixture is 
compressed to about one-eighth of its original 
volunife. (In a diesel engine the mixture may be 
c0hipressed to as little as one-sixteenth of its^ 
original volume.) J'^ls compression of th^ air- 
fuel mixture increases the pressure within th^ 
cylinder. Compressing the mixture fh this way 
makes it still more combustible; not only does 
the pressure in the cylinder go up, but the tem- 
perature^of the mixture also increaies, 
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Figure 13-3.— Relationship 
POWER STROKE ^ 



of piston, connecting rod/ and cyank 
V ' turn^one revolution^ 



1 



6L42 

on crankshaft as crankshaft 



cauae it to move 



As the piston reaches top dead center at the 
end of th© eompresston stroke and therefore has 
move& to -the top of the cylinder, the compressed 
fuel-air fixture is jgnited. The ignition sys- 
tem causes an electric spai:k to occur suddenly 
in the cylinder, and *he spark sets fire to the 
fuel-air mixture. In burnirtg^ the mixture gets 
very hot and tries to expand in all directioirff 
The pressure rtses t© about 600 or 700 pounds 
per square inch. Since the piston is the only 
thing that can movej the force produced by the 
expand^ gases forces the piston down. This 
force, or thrust, is carried through the conr- 
necting rod to the crankpin on the orankshaft. 
The crankshaft is given a powerfHl twist. This 
-is cmjled the power stroke (fij* 13-4). This 
turning effort, rapidly repeated in the engine 
and carried through gears and Bhafts, will turn 



the wheels of a vehicle and 
along the highway^ 

EXHAUST STROKE ' 

* 

After tl/e iueUair mixture haS burned, ^ 
must be cleared from the cyrinder. This ij 
done by opening the exhaust valve just^as tne 
power stroke is finished 'arid the piston st^ts 
back up on the exhaust stroke (fig. IS-^i./The 
[>iston forces the burned gases out of tht mrlln- 
der past the' open exhaust valve* TM four 
strokes (Intake, compression, power, anfl ex- 
haust) are continuously repeated as the engine 
rung. . 

' ) 

JPNGINE CYCLES 

Now, with the basic Imowledge you have of 
the parts and the four strokes of the engine, let 
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Figure 13-4. -Four-stroke cycle in a gasoline engine. 
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us see what happens during^the actual ri^ning of 
the engine*^ To produce austaiheA^werj arfen- 
gine must ' accornpUsh a definite sertas of op- 
erations over and over again. All you have to do 
is /follow one series of ^ events— intake, com- 
pressionj power, a|id exhaust -"-until they repeat 
themselves. This one series of events is called 
a cycle. 

Most engines of today are called four-cycle 
engines.*^ What is meant is four= stroke- cycle, 
but our habit of abbreviating has eliminated the 
middle word. Just the same, when you see four^ 
cycle it means there are four strokes of the 
pjfpionj tswd up and two down,%D each cycle. Then 
'it starts ^ver again on anothjer cycle of the same 
four strokes. 



TWO-CYCLE ENGINE ' * ^ 

In the two-cycle engine, the entilre, cycle of 
events (intake, ^empy^Bsion, power, and ex- 
haust)takfs plape in tto^iSt^n strokes. 

As two-cycI^;^Mjftcis*i^ftFaiftf^^ 13-5, 
'Every other a power 
stroke. Ea*^ tlm%tbe pls^i'moveS down it is 
on the power 'stVote,©/ Vlntake,^' compression, 
power, an^ exha^ist still take place, "but they are 
r >mpreted in just iw^ strpkes. In figure 13-5 
the intaki and fexfiaudt^'ports are cut into the 
cylinder^ walL insteSd of being placed at the top 
of the combustion chamber as in the four^eycle 
engine. As the piston moves down on its pdwer 
stroke, it first uncovers the exhaust port to let 
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Figure 13-5,— Events in a two-cycle, internal combustion engine. 
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burned galea esGape an4 tiien uncovers thf in- 
take pmt ^ allow a ngw .^ei-air mixture to 
enter the combustion chamber. Then, on the 
upward stroke, the piston covar^ both porta and, 
at the same timep compress^a thfe new mixture 
in . preparation for ignition and another power 
stroke. 

In the engine shown in figure IS^S the piston 
Is shaped so that the incoming fuel=atr mixture 
is directed upward, thereby .sweeping out ahead 
of it the burned exhaust gases. Also, there is an 
inlet into the crankc&se through which the fuel- 
air mixture passes before it -enters th^ cylin- 
der. This inlfet is opened as the piston moves 
upward, but it is sealed off as the piston moves 
downward on the power stroke. The downward 
moving piston slightly compresses the mixture 
in the crankcase, thus giving the mixture enough 
pressure to pass rapidly through the intake port 
as thi piston clears this port. This improves 
the sweeping-out, or scavenging, effect of the 
.Mixture as it enters and clears theburned gases 
from the cylinder thi-ough the exhaust port. 



F0UR-CYCL5 VB TWO-CYCLE ENGINES 



You have probably noted that the two=cycle 
engine produces a power stroke every crank- 
shaft revolution; the four-uycle engine reQuires 
two crankshaft revolutions for each power 
stroke. It mipht appear then that the two-cycle 
could produce twice as much power as thafoui-- 
cycle of the same size, operating at the same 
speed. However, this is not true. With the two- 
cycle engine s ^me of the power is used to drive 
the blower th.'it forces the air-fual charge into 
the cylinder under .pressure. Also, the burned 
ga^es are not completely cleared ^om the cyl-- 
inder./ Additi lally, .because of the niuch shorter 
: period the in ike port is open (as compared to 
the period tl intake valve in a four- stroke- 
cycle is open , a relatively smaller amount of 
fueUaic mixt re is admitted. Hence, with less 
fuel-air mixt re, less power per pow^r stroke 
is produced a.= compared to the power produced 
in a four-strnice cy*ffe engine of like size oper- 
ating at the same speed and with other condi- 
tions being the same. To increase the amount 
of fuel-air mixture, auxiliary devices are used 
with the two^stroke engine to ensure delivery of 
greater amounts of fuel-air mixture into the 
cylinder. 



' ' MULTIPLE-CYLINDER ENGINES 

The discussion so far in this chapter has 
concerned a single^cylinder engine. A single 
cylinder provides only one powej'Jmpulsa every 
two crankshaft revolutions in a rour-cycle en- , 
gine and is delivering power only one-fourth of 
the time. To provide for a more continuous 
flow of power, modern engines use four, slXp 
eight, or more cylinders. The same series of 
cycles take place 4n each cylinder. 

In a four- stroke cycle six-cylinder engine, 
for example, the cranks on the crankshaft are 
set 120 degrees apart, the cranks for cylinders 
1 and 6, 2 and 5, and 3 and 4 being in line with 
each other (fig> 13-6). The cylinders fire or 
deliver the power strokes in the following or- 
der: 1-5-3-6-2-4. Thus the power strokesfol- 
low each^ other so closely that there is a fairly 
continuous and even delivery of power to the 
crankshaft, 



TIMING- 

In a gasoline engine, the valves must opqn 
and close at the proper times with regard to 
piston position and stroke. In addition, the 
ignition system must produce the sparks at the 
proper time so that the. power strokes can 
start. Both valve and ignition system action 
piust be properly timed if good engine per- 
formance is to be obtained. 
■ Valve timing refers to the exact times in the 
engine cycle at which the valves trap the mix- 
ture and then allow the burned gases to escape. 
The ^valves must open and close so that they 
are constantly in step with the piston moj^mem^ 
of the cylinder which they controL The/position 
of the valves is determined by the cafRshaft; the 
position of the piston is determined bv the 
crankshaft. Correct valve timing is obta^edby 
providing the proper relationship ^etween the 
camshaft and the crankshaft. _ _ % . 

When the piston is at TDC the Crankshaft 
can move 15'- to 20' without causing ttre-^piston 
to move up and down any noticeable distance. 
This is one of the two rotfk positions (fig. 13-7). 
When the piston moves up on the exhaust stroke, 
considerable momentum is given to the exhaust 
gases as they pass out through the exhaust valve 
port, but if the exhaust valve'closes at TSC, a 
small amount of the gasei will be trapped and 
will dilute the inc oming fuel- air mixture when 
the intake valves open. Since the piston has 
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Figure 13-6.— Crankshaft for a six-cylinder engine. 
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Figure 13-7, ^Rock position. 



little downward movement while in the Eock po- 
sition^ the e^diauit valve can remain open dur- 
ing this period and thereby permit a gtfiore 
complete scavenging of the exhaust gases. 

Ignition timing refers to the timing of the 
spark at the spark plug gap with relation to the 
piston position during the compresaion and 
power strokes* The ignition system Is timed 
so that the spark occurs before the piston 
reaches TDC on the compression stroke. This 
gives the mixture enough time to ignit^nd start 
burning. If this time were npt provwi,that is, 
if the spark occurred at or after TDc, then the 
presaure increase wpuld not keep pace with the 
piston movement* 

At higher speeds, there is still less time for 
the fuel=alr mixture to Ignite and burn. In or- 
der to compensate for this, and thereby avoid 
power losSj the Ignition system includes an ad^ 
Vance mechanism that functions on speed. 



CLASSIFICATION OF ENGINES 

Engines for automotive and construction 
equipment may be classified in a number of 
ways: type of fuel used; type of cooling em- 
ployed; or valve and cylinder arrangement. 
They all operate on* the Internal comburtlon 
principle, and the application of basic principles 
of construction to particular needs or systems 
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of ^manufacture has caused certain deBigns tobe 
reedgnlzed as conventlonfiL 

The most common method of classification % 
is by the type of fuel used; that is, whether the 
engine burns gasoline or diesel fueL 

GASOLINf ENGINES VS DIESEL 
ENGINES 

Meehanically and in overall appearance, 
gasoline and diesel ^engines resemble one an- 
other. Howeverj in, the diesel engine, many 
parts are somewhelt heavier and stronger, so 
that they can withstand the higher temperatures 
and pressures the engine generates. The en- 
gines differ also in the fuel, used^ in the m^hod 
of introducing it into the cyllnderss and in how 
the air- fuel mixture is ignited. In the gasoline 
engine, air and fuel first are mixed together in. 
the carburetor. After this mixture is com- 
pressed in the cylinders, it is ignited by an 
electrical spark from the spark plugs. The 
source of the energy producing the elecfrical- 
spark may be a. storage battery or a high- 
tension magneto. 

The diesel engine has no carburetor. Air 
alone enters its cylinders, iwhere It is com- 
pressed and reaches high temperature due to 
compression. The heat of compression ignites 
the fuel injected into the cylinder and causes 
the fuel-air mixture to burn. The diesel engine 
needs no spark plugs; the very contact of the 
diesel ftiel with the hot air in the cylinders 
causes ignition. In the gasoline engine the heat 
from compression is not enough to ignite the 
air-fuel mi3rture, therefore spark plugs are 
necessary. 

ARRANGEMENT OF CYLINDERS 



Engines are classified also according to the 
arrangement of the cylinders: inlinej with all 
cylinders cart In a straight line above the crank= 
shaft, as in most trucks; and V-type with two 
banks of cylinders mounted in a ''V-' shape 
above the crai^shafty as in many passenger 
vehicles. Anottiy not-so-common arrangement 
^ la the horlzontauy opposed engine. ¥^ose cylin- 
ders are mount^ In two side rows, each oppo- 
sltt a central crankshaft, Buses often are 
equipped with this type of engine, 

ITie cylinders art numbered. The cylinder 
nearart the front pf an In-line engine is No. 1. 
The others are ^t^bered 2, 3, 4, etc., from 



front to rear. In V-type engines the numbering 
sequence varies with the manufacturer. 

The firing order (which is diffeTent from the 
numbering order) of the cylinders is usually 
stamped on the cylinder block or on the manu- 
facturer- s nameplate. 



VALVE ARRANGE 
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The majority of internal combustion engines 
also are classified according to the position 
and arrangement ' of the intake and exhaust 
valves— that is, whether the valves, are in the 
cylinder block or in the cylinder head. Various 
arrangements have been used, but the most 
common are L-head, I=head, and F-head (fig. 
13-8). The letter designation is used because 
the shape of the combustion chamber resembles 
the form of the letter identifying it. 



L-Head 



In the L-head engines path valves are placed 
in the block on the same .side of the cylinder. 
The valve- operating mechajilsm is located di= 
rectly below the valves, ami one camshaft ac- 
tuates both the intake and exhaust valves. 

I^Head 

Engines using the I-head construction are 
commonly called valve-in-head or over-head 
valve engines, because the valves are mounted 
in a cylinder head above the cylinder. This ar- 
rangement requires a tappet, a push rod, and a 
rocker arm above the cylinder to reverse the 
direction of valve movement, but only one cam- 
shaft is required for bpth valves. Some over- 
head valve engines make use of an overhead 
camshaft. This arrangement eliminates the 
long lintage between the camshaft and valve. 

F-Head 

In the F-head engine, the Intake valves 
normally are located In the head, while the ex- 
haust valves are located in ttie engine block. 
This arrai^ement combines. In effect^ the L- 
head and the I-head valve arrangements. The 
valves In the head are actuated from the cam- 
shaft throu^ tappets, pu^ rods, and rocker 
arms (I-head arrangement), ^Ue the valves In 
the block are actuated directly from the cam- 
shaft by tappets (L-head arrai^ement). 

7 O . 
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ENGINE CONSTRUCTION 

Basic engine construction varies little, re- 
gardless of size and design of the engine. The 
intended use of an engine must be considered 
before the design and size can be determined. 
The tempefature at which an engine will oper- 
ate has a great deal to do with determining ^^at 
metals must be used in its construction. 

To simplify the service parts problem in the 
field, and also to simplify servicing proce- 
dures^ the prssent trend in engine construction 
and design is toward is called engine 

families/ There must, of necessity, be many 
different kinds of ei^ines because there are 
many kinds of jobs to be done. However, the 
service and pervlce parts problem can be 
simplified by designing engines so that they are 
closely related In cylinder size, valve arrange- 
ment, etc. As an emmple, the GM series 71 
enginei can be obtalnea in 2, 3, 4, and 6.cylin« 
ders; but they are so designed that the same 
plstoni, connectli^ rods, bearings, valve oper- 
ating mechanisms and valves can be used in all 
4 engines. a 

Inglne construction, in this chapter, will be 
broken down into two categories: stationary 
parts and moving parts. 



Figure 13-8.— L-, I-, and F- valve arrangement. 



^TIONARY PARTS 



The stationary parts of an engine include 
the cylinder block, cylinders, cylinder head or 
heads, crankcase, and the exhaust and intake 
manifolds. These parts furnish the framework 
of the ermine. All movable parts are attached 
to or fitted into this framework. 



Engine Cylinder Block 



The engine cylinder bloc^ is the basic frame 
of a liquid-copied enginej -whetn^r it be in-line, 
horizontally-opposed, or V-type. The cylinder 
block and crankcase are often cast in one piece 
which is the heaviest single piece of metal in 
the engine. , (See fig. 13-9). In small engines, 
where weight is an important consideration, the 
crankcase may be cast separately. In most 
large diesel engines, such as those used in 
power plants, the crankcase ii cast separately 
and is attached to a heavy stationary engine 
base. 

In practically all automotive and construe- 
tioi) equipment, however, the cyllr^er block and 
crankcase are cast in one piece. In this course 
we are concerned primarily with liquid-cool^ 
ermines, of this type. 
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'n* *«yUad6ra of a iiquld*.eoplfd engtaa are 
surroundid by JacaMt* through whi^ the cooling 
li'^id oireittatiS. Thmm jaefcrti are east inte- 
grally with tti# cyll^tr bloek. Compauhicatii^ 
passages permit ttie coolant to eirqulate around 
the cylinders and throu^ ttt hwd. 

The air-cooled ^Uie oyllndtr dliSers from 
ttat of a Itquld-cooled tJ«lne in ttiat the cylta- 
ders are made individually, rather tiian cast in 
block. Thiuoylinders of air-cooled engtaea have 
, closily spaced fins surroimdir^ the barrel; these 
fins provide a greatly Increased surface area 
Iiuni umich heat can bt rf<jag*patPd. This ig in 
contrast to the liquid- celled engine, which has a 
wat^r Jacket around its cylinders* 



Cylinder Block Construction 

The cylinder block is cast from gray iron or 
Iron lOloyed ' with other metals such as nickel, 
chromium, or molybdenum. Some light weight 
engine blocks are made from aluminum. 

Cylinders are machined by grinding, and/ or 
borlii, to give them the desired true inner sur- 
face. During normal et^lne opera^, cylinder 
walls will wear out-of- round, or^ey may be= 
come cracked and ^scored if not properly lubri- 
cated or cooled. Liners (sleeves) made of metal 
alloys resistant to wear, are used in many gaso- 
line ermines and practically all diesel engines 
to lessen wear. After they have been worn be- 
yond the maximum oversize, the liners can by 
replaced individually permitting the use of stand- 
ard plstoii and rings. Thus you can avoid re- 
placing thf^ntlre/ cylinder block. 

The liners are Inserted Into a hole in the block 
with either a PRESS FIT or a SLIP FIT. Liners 
' are further designated as WET TYPE or DRY 
TYPE. The wet type Una comes in direct con- 
tact wl|h the coolant and is sealed at the top by 
the of a metallic sealing ring and at the 
bottom by a rubber sealing ring; the dry type 
Ihier does not contact the coolant. 

Engine blocks for L-head ermines containjhe 
passageways for the valves and valve ports. The 
lower part of the block (crankcase) supports the 
crariteshaft (with malnbearlngs and bearing caps) 
and also provides a place for fastening the oil 

pan. , 

^The camstoft Is supported In the cylmder 
block by busings ttot fit Into machined holea in 
the block. On L^head in-line engines, the intake 
and exhaust manifolds are attached to the side of 
the cylinder block. On L-head engines, the 
intake manifold Is located between the two banks 



of cylinders. In this engine, there are two ex- 
haust manifolds, one on tiie outside of each bank. 

Cylinder Head 

The cylinder head provides tiie combustion 
chambers for the engine cylinders. ^It is built to 
conform to the arrangement of the valvesi L- 
head, I-head, or other. 

In the water-cooled engine the cylinder head 
(fig. 13-10) Is bolted to the top of the cylinder 
block to close the upper end ot the cylinders. It 
coniains passages, matching thMgof the cylinder 
block, which allow thVeoolWW ; 
In the head. The head also helps retain compres- 
sion tathecyllnders. InthegaTOlineei«lne there > 
are tapped holes In the cylinder head which lead 
Into the combustion chamber, Tlit spark plugs 
are Inserted Into these tappW holes. 

In the diesel ei^lne the cylinder head may be 
cast in a single unit, or may be cast for a single 
cylinder or two or more cylinders. Separated 
head se^lons (usually covering 1, 2, or 3 
cylinders In large ettglnes) are easy to handle 
and can be readily removed. 

The L-head ^pe of cylinder head shown in 
figure 13-10 Is a comparatively simple casting. 
It contains water jackets for coollnfe, and open- 
Inga for spark plugs. Pockets into >^lch the 
valves operate are also provided. Each pocket 
serves as a part of the combustion chancer. The 
fuel-air mixture Is cowressed In the pocket 
as the piston reaches the end of the compression 
stroke. Note that the pockpts have a rather com- 
plex curved surface. This shape hasbeen care- 
fully designed so that the fueUair mixture, In 
being compressed, will be subjected to violent 
turbulence. This turbulence assures uniform 
mixing of the fuel and air, thus improving the 
combustion process. 

The I-head (overhead-valve) type of cylinder 
head contalns^'hot only water Jackets for cooling 
spark-plug openi^s, and valve and combustion- 
chamber pockets, but. It also contains and sup- 
ports the valves and valve- operating mecha- 
nisms. In this type of cylinder head, the water 
Jackets must be large enough to cool not only 
the top of the combuftion chamber but also the 
valve seats, valves, and valve-operating mecha- 
nisms. 

Crankcase 

The crai^case is that part of the engine block 
below the cylinders . It supports and encloses the 
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Flfura 13-'10.^Cylifidtr head far L«-liemd «iigtait# 



and pro¥ld0s a rMBtvoir for tht 
lArlmtlng oll^ , Ofltiitlttts thtr@ pire i^aeai pro^ 
Tt$i4 m file orankMSf for ttt mmutlng of tiie 
jM m^r I ai^ gtn- 

' iia^. Th« lowtr part oi the erukaase is the 
qUi VAHi frtiiati ifl bcAttd at thebottom, Thg oU 
ti^^iMA gf prtsMd or mrt stMl holds 
l4tt| d^^«flisiion tee engtaie 




V ^« diiddmM also has mountlEig braoktts 
■^^0^ m0i§O^ ^ iotlrt mlae oa tte vehicle 
tiWtati^ ^WtiNts are elttier u lateral 

pMft at tbi afajdiwae or art bolted to it bi su^ 
i li^^ttat tt^^^^^l^^ tee e^lne at 3 or 4 

tiswl^ are 

etlAlMtd i^ftk rdM^r, ivU^ Ungates tee frame 
iMf Q< Vam ^ttsi^^ifW ngtae T^ratlon and 
tMretore prevwtffdaai^etotee engl&e supports 
and tee tranmlssim. 




Eiteaust £biiitold ' 

iust maidf old is essMtlaUy a tUbltha 
produ^ @C ^ombasttQa friM&^tb 
rs« On L-hMd engines tee odiauftmu* 
if old is ^Ited to tee side of tee Mfise btoel^ oi 
^erhMd-^ve Mgines it Is boUdd tottesldi € 
tee Mgtee fyllnflftr Titai ff7^nfi# niintf^l**! 
may be sil^le iron eatings or Stiiir be ^Urt ii 
seetiMSp l^ey tove a smo^te tatorlM' sar&^Q< 
wite no abri9t diu^es in slze« (Spellg. i8-*il« 

# ■ 

Intake l^mfold ^ 

carries tee fuel^air mixture teom tee oa^Mr^: 
and diirtrfltates It as t?raly as j^sslble to te< 
cylinders. On a diesti equine tee hMsUQ% 
carries only air to tee cylhiders, Th^ inWc< 
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Figure IS^U^^Inti^t and iAau^ wmUolds. 



Is mttaehdd to tbt block on L^hwd en- 
aad to ttit tide of the eylindai* head on 
mA^r^^ iiginti 0ee ttg. 13-11.) 
gMOllM wgtiiMf amooth and ^ielent 
i p^foraanot dipeada largely on Pettier 
rl ttit fiid^air mtttares enter ea^ 

L- a^iii fgtifppm to atremrtt. qualltyp airf 

di«M ol^M|Kirt»ttlmri%e inside mils of the 

1 b« inbotti to offer little *rtruc- 

ttt flew Of tte (ael-alr nalj^re. The 
m y prevent aoUectlng of fuel 

St flwVMto 111 tte m 

ahoiAd be aa diort and 
1(1 te reduoe the ehuees ^ 

^ Jtrti at oartwetor and cylta- 

Ito EMlit tai mporlsUlon of fUel, some^ 
'"""n ajfe a«atoiettd so ^t part of 
|iMt«i^hot ^d^urt gases. 



I The priae^ Mtlowrs/iMrts at an e^lne 
1bt0 jwtbeWMq^Uitaed. IMgatfEetsCflg. 13^12) 



that serve as snls between these patts in a%- 
semtAyi require as mu^ attMtlon dui^Qg as^ 
sembly as any otter part. It is Impraetlcal tc 
machine bH suriaoes so ttat ffi# Ift togittif tE 
fdrm a perfect smI. The gaaketi mrte a Jotiil 
ttat is air, wter, or oil t^ht; thertf orSi ^ei 
pr^erly ta^iUed,thtypre^tirtlos80lcoBapres- 
sionp coolantp or l^rtcut. 

MOVING PARTS OF AN BNOINl . 

The moTtog parts oi u raglne serve an im« 
portal function la turtrisg bMt energy inlo me- 
epical m%Tty,Th0fn^^^ftWk^ 
motim Into rotary mcttoiitTheprtolpalmOTlni 
parts are tte pistM assesAly» cmnietbig nds 
ci^k^aft assemUy (teludes flyi^eta aa 
Tibrattoft d awpi^^ ifaiwihaft, MtaU^ 
gBkr tnlh. 

The bur^v tte ftitf -air a^ai^irt wlttta w 
cyli^er eserts a preswre on tte pliAmp ttui 
% putfili« it doim to tee cyliwder. The actim o 
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Figure 13- 12. -^Engine overhaul gasket kit. 



the eoimecting rod and arankshaft converts this 
downward motion to a rotary motion. 

C 

Piston Aisembly 

Engine pistons serve severa,! purposes: they - 
transmit the force of combustion to the crank= 
shaft through the connecting rod; they act as a 
.^id§ fpr the upper end of the connecting rod; 
and thdy also serve as a carrier for the piston 
rings used to seal the compression in the cylin- 
der, (See fig, 13-13,) 

The piston must come to a complete iitop at 
the end of each strokebefore reversing its course 
in the cylinder. To ^thstai^ this rugged treats 
mint and wtar^ it mupt bt made of toi^h ma^ 
terial, yet be light in weight. To overcome 
inertia and momenttmi at h^h speeds^ it must be 
carefully balanced and weighed, AH the pistons 
used in any one engine must be of similar weight 
to avoid exctssive vibration. Ribs are used on 

*■ 

12 



the underiidf of the pifrton tor@inforG§ thehtad| 
ttie rlbi also assist In amductii^ heat from the 
head of the piston to';tht piston rings and out 
through the cylinder wallp 

The structural components of the piston are^^ 
the HIAD, SHRT, RING GROOVES, and LANDr 
(flg« 13^14). Howaverp all pistfins do not look 
like the typical one here illustrised, Somehavp 
differently ^aped heads. Diesei^engine pistons / 
usually have more ring grooves md rlz^s than the 
pistons of gasoline ei^ines. Some of these ringi 
may' be Installed below a& well~as ^^^^^#— 
WRIST or PISTON PIN (fig. 13-15), \ 

Fitting pistons properly Is ImportEnt, JBe« ^ 
cause metal ejqpands ^en heated, and beoluse 
space ipiust be provided for lubricants between 
the pistons ^nd the cylinder mills, the^stons 
are fitted to the engine with a specified clearance. 
This clearance depends upon tiie size or diameter 
of the piston and the material from ^ich it Is 
made. Cast iron does not e^and as fast or as 
much as aluminum. Aluminum pistons require 
more clearance to prevent binding or selling 
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Figure 13-13.— Piston and connecting rod 
(exploded view). 
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Figure 13-14,--Tht parts of a piston- 
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Figure 13^15,»Piston aisembly of General Motorg serita 71 engine. 
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^en ttie englnt i its hot. The skirl or botjpm 
part of the piston runs muoh cooler than the top; 
therefore^ it does not require as much clearance 
as the head. 

A^hB piston is kept in al^nment by the skirt, 
which is usually CAM GROUND (eUiptical in 



engine operation. Many aluminum pistons are 
made with SPLIT SKIRTS so that ^«rtien the pistons 
e^^and the skirt diameter will not increase* The 
two types of piston skirts fpund in most engines 
are the FULL TRUNK and the SLIPPER. The 
full-trunk- type skirt, which is more widely used, 
cross section) (fig. 13-16), This elliptical shape has a full cylindrical stape with bearing surfaces 



permits the piston to fit the cylinder, regardless 
of M^^ether the piston is cold or at operating 
temperature* The narrowest diameter of the 
piston is at the piston pin bosses^ where the 
metal is thickest. At the widest diameter of the% 
pttton, tite iptston sWrt it^hinnest. The piston 
is fitted to close limits at its widest diameter so 
that piston noise (slap ) Is prevented during engine 
warm-up. As the piston is expanded by the heat 
generated during .operatiohi it becomes round 
because the expansion is proportional to the 
temperature of the metal . The walls of the skirt 
are cut away as much as possible to reduce 
weight and to prevent excessive expansion during 



parallel to those of tl^ cylinder, glvi^ more 
strength and better control of the oil film* The 
SLIPPER-TYPE (CUTAWAY) skirt has con- 
siderable relief on the sides ofthe skirt, living 
less area for possible contact with thf cylinder 
walls and thereby reducing frletion. 

PISTON PINS. -The piston is attached to the 
connecting rod by means of the piston pin (wrist 
pin), Thr pin passes through tee piston pin 
bosses and through the upper end of the coraiect- 
ing rod, which rides within the piston on the 
middle of the piq. Piston pinsaremade of alloy 
steel with a precision finish and are case 



0 028 TO 0.033 IN. LE^' THAN. 
DIAMETER AT (D>- 




THE ELLIPTICAL SHAPE OF THE PISTON 
SKIRT SHOULD BE OOlO TO 0 012 IN, 
LESS AT DIAMETER (A) THAN ACROSS 
THE THRUST FACES AT DIAMETER (I) 



THE SKIRT OF THE PISTON SHOULD 
TAPER SO THAT THE DIAMETER 
AT id IS FROM 0.0005 TO \ 
0.0015 IN. LESS THAN AT (D). d 
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Figure 13-16. ^Cam-ground piston. 
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hardmed and gometlmis abfomium plated to In-^ 
ertast their WMrtac ^ttllties. Their tubylar 
emlCTKttaa glTti ihm a nwamuai ot strange 
trtto a ^limum of wt^ht* They are l^rieated 
toy spladi from the GraiflEeas© or by preMure 
ttroiyh pasnges bored in the omnectlni rods. 

. There are three mettods commraly used for 
testenlng a piston phi to tte ptftm and the con- 
neoting rod/ (See flg. 13-17.) An anchored, or 
'*fiE^j'* pin is attached to the pistonbya icrew 
rymUv through me of ^ebossesi tte connecting 
rod oscillates on the pto, A *' seminoatli^" pto 
is iMhTTrtii tht^^^«'»g'^ft>^ turns in the 
piston pin bosses. A *'fuIl*floatlng" pihls free 
to rotete In ihe connecting rod and in the Kssesp 
but is prevented from working out agaftst the 
sides ot the cylinder by plugs or snaprlng locks. 

PISTON RINGS.— Pirton rings are used on 
.^Mms to* maintain gastigbt seals between the 
pistons and cylinders, to assist in cooling the 
plrtm, ai^ to control cylinder- wall lubrication. 
About one-third ofthe heat absorbedby the piston 
passes through the rtags to the cylinder wall. 
Piston wrings a^e often quite* complicated in de- 
sign, are heat treated in various ways are 
plated with other, metals. There aretwo distinct 
classifications of piston rli^s: compression 
rings tod oil control rings. (See fig. 13-18.) 

The principal function of a compresaionring 
is to prevent gases from leaking by the piston 
during ttie compression and power strokes. All 
* piston rings are split to permit assembly to the 
piston and to allow for e^^anslon. When the ring 



is in placet ttie endsof ttit split Joint do not torn* 
a perfect seal; therefore, it is necesmry to use 
more ttian one ring and to staree** tiie Joints 
around the piston. If cylinders are worn, ex* 
panders (fig, 13-15 and 13-18) are sometimes 
used to ensure a perfect seal. ■ ^ 

The bottom ring, usually located Jwst above 
toe piston pin, Is an oU regulating ring. TOis 
rli^ scrapes the excess oil from the cylinder 
walls and returns some of Itj through slots, to 
the piston rii^ grooves. The ring groove under 
an oU ring is provided with openings throu^ 
wtiicb Uie out flows back into thejorMJicase. In 
some eiilnes, addltlo^l oil rln^ arfiai^ tn 
the piston sWrt below the piston pin. 

* 

Connecting Rods 

Connectli^ rods must be light and yet strong 
enol^h to transmit the thrust of the pistons to 
^ the crankrtiaft. Coimectli* rods are drop forged 
from a steel alloy capable of wlthstandli^ hea^ 
loads without bending or tvrtstlng. Holes at the 
upper and lower ends are machined to permit 
accurate fitting of bearings. These holes must 
be parallel. 

The upper end of the connecting rod Is con- 
nected to the piston by the piston pin. If the 
piston pin Is locked In the piston pin bosses, or 
if it floats in both piston and connecting rod, the 
upper hole of the connecting rod will have a solid 
bearing ^urtias) of bronze or similar material. 
As tha lower end of the connecting rod revolvjes 
wl^^e crank^aft, the upper end is forced to 
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Figure 13-17.— Piston pin types. 
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Figurje 13- 18. --Piston rings. 



turn back and forth on the piston pin. Although 
this movement is slight, the bush Ing is necessary 
because the temperatures and the.pressures are 
higj^* If the piston pin issemifloating, a bushing 
is not needed. 

The lower hole in the connecting rod is split 
to permit it to be clamped around the crankshaft. 
The bottom part| or cap, is made of the same ma-^ 
terial as the rod and is attached by two or more 
bolts. The siJj|^ji tllat bears the crankshaft 
is generally materiann the form of a 

separate split sh^i, although, in a few cases, it 
may be spun or die- cast in the inside of the rod 
and cap during manufacture. The two parts of 
the separate bearing are positioned in the rod 
and cap by dowel pins, projections, or short 
brass screws. Split bearings may be of the pre- 
cision or semiprecislon type. 



The PRECISION type baring is accurately 
finishtd to fit the crankpin and does not require 
further fitting during initallation. It Is positioned 
by projections on the shell which match reliefs 
in the rod and cap. The projections prevent tl^' • 
bearings from movi^ sideways and from rotaiTs^ 
motion in the rod and cap. 

The SEMIPRECISION type bearing is usually 
fastened to or aie-cast with the rod and cap. 
Prior to installation^ it is machined and fitted to 
the proper inside diameter with the cap and rod 
bolted together. 

Crankshaft 

As the pistons collectively might be regarded 
as the heart of the engine, so the CRANKSHAFT 
may be considered its backbone (fig. 13-19). It 
ties together the reactions otthe pistons and the 
connecting rods, transforming their recipro- 
cating motion into a rotary motion. And it 
transmits engine power through the flywheel, 
clutch, transmission, and differential to drive 
your vehicle, 

The crankshaft is forged or cast from an 
alloy of steel and nickel, is machined smoc^ 
to provide bearin©^surfaces for the connecting 
rods and ^ the nmm bearings, and is CASE- 
HARDENED, or coated in a furnace with cop- 
per alloyed with carbon. These bearing sur- 
faces are called JOURNALS. The crankshaft 
counterweights impede the centrifugal force of 
the connecting rod assembly attached to the 
THROWS or points of bearing support? These 



FLYWMtfL (WITH iTARTfft GEAR) 



COUNTERWEIGHTS 




MAIN UUPPO^T) 
BEARINO JOURNALS 



CONNICTINS NOP 

iiARINO JOU^ALS 



75,81 



Figure 13-10. -^Crankshaft of a 
4" cylinder engine, 
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throwi must bt plaoed so that thay counter* 
balanct mch otter, 

Cwdi throw arrangexEiants for 4-, 6-^ and 
8-oyllhder s^Idm are showi In figure 13-20. 
FouF*cylbider engine craidcshafts have either 
3 or 5 main support bearii^a and 4 throws In 
one planed In figure 13* 20 you sea ttat the throws 
lor No. 1 and No. 4 eyllnders (4-eylinder 
englni) are 180^ from ttiose Jor No* 2 and No, 3 
oyiinderi. On 6-oylindar engine crankshafts 
each pf the 3 pairs of throws Is arranged 120^ 
from the other 2, Such crankshafts may be 
^pportgid by as many as 7 main bearln^s^ that 
li one^at f ach end of the shaft and one between 
each pair of crankshaft throws. The^ cranks 
shafts of S^cyUnder V-type engines are similar 
to those for the 4-cylinder in-line type or may 
have each of the 4 throws fixed at 90^ from each 
other (as in fig, 13*20) for better balance and 
smoother operatioii, ^ 

V-type engines usually have two connecting 
rods fastened side by side on one crankshaft 



throw. With this arrangementj one bank of tte 
inglne cylinders is set slightly ahead of the 
other to allow the two rods to clekr each other. 

Vibration Damper 

The power impulsas of an tngine tend to set 
up torsional vibration in the crankshaft. If this 
torsional vibration were not controlled, the 
crankshaft might actually break at certain 
speedsj a vibration damper mounted on the front 
of the crankshaft is us^ to control this vibration 
(fig. 13-21). ^ 

Most types of vibration dampers resemble a 
miniature clutch. A friction facing is mounted 
between the hub face and a small damper fly- 
wheel. The damper flywheel Is mounted on the 
hub face with bolts that go through rubber cones 
in the flywheeL These cones permit limited 
circumferential movement between the crank- 
shaft and damper fly^tf 1. This minimizes the 
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i igure 13- 0.— Crankshaft and throw arrangements commonly used. 
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Figure 13-21.— Sectional view of a typical 
vibration damper; 

effects of the tiritonal vibration in the crank- 
ghaft, Sevtral otoer types of vibration dampers 
are used. However, they all operate In es- 
stntlally the same miy. 

Sngliie Flywheel 

. The flyil^eel is mOimted at the rear of the 
crankshaft near the rear main bearing. This is 
ustially toe longest and hiavieat main bearing 
in the engine, as; It must support the weight of 
the flywheeL||^- 

Tht flywhill (fig* 13-22) stores up energy of 
rbtEtlon during power Impulses of the engine, 
It Wleases tola energy between power impulses, 
thm assuring Itss fluctuation In engine speed 
antt smoother er^|lne operation. The size of the 
flywheel will vai^ with the number of cylinders 
and the general construction of the engine. With 
a large number of cylinders and the consequent 




' Figure 13-22,^Flyv 

overlapping of power Impulsi 
need for a flywheel; eonsequei 
can be relatively small, Tl 
carries a ring geari either Intf 
wheel or shrui^ on, that meshe 
driving gear for cranking the 
face of the fly^^eel is usual 
ground, and acts as one of the p 
for the clutch, becoming a pi 
assembly, ^ 

Valves And Valve Mechanisms 

There are two 'ralves for 
most engines, wie Intake and o 
Since each of thest valves ope 
times, it Is necessary that si 
mechanisms be provided for el 
are normally 'held eliiied by H 
by compresslpn In the cpmbuti^ 
purpose of the valye-i^ctuatli 
to overcome the spring presi 
valves at toe proper tln^e* 
mechanism Includes the ei^ln 
shaft followers (tappeti), pus! 
arms, 

CAMOTAFT!-The camsha 
inclosed Iq the engine block, 
lobes tGams) ground on It for 
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FlgUFe l^|p3.— Camshaft and bushings. 



ngtiit. As ttii easkitoft rotates^ the earn lAt 
moves up tmdfr the valvt tappet, exerting an 
upward thrust through tht tappeP^^gaiiwt the 
valve stem or a puArod. This thrust oveFcbmes 
ttie valve spring pressure as well as the pii 
pi^jp&fe in the eylindeFj causing the valve to 
opfi^^'^A^^n the lobe mbvei from under the 
tappet, the valve spring pressure reseats the 
valve, 

On L-j F-i or I^head engines, the cairishait 
is uwally located to one side and above the 
Oras^shaft, while in V-type engines It Is usually 
located direetly above the crankshaft. On the 
overhead camshaft engine^ such as the Murphy 
diesel, the camshaft is located above the cylinder 
head, / 

Thy camshaft of a 4-stroke cycle engine 
turna^at one-half engine speed. ^ is driven off 
the crankshaft throu^ timing gears or a timing 
chain. In the E^stroke cycle engine the camshaft 
must turn at the same speed as the crankshaft In 
order that each valve may open and close once 
in each revolution of the engine. 

In most cases the camshaft will do more than 
operate the valve mechanism. It tn^y have extra 
cams or gears ttiat operate fuel^ pumps, fuel 
injecto|*^^ the Ignition distributor, or the lubi^l- 
cation pun^). 

Camshafts are* supported in the engine block 
by journals in bearings. Camshaft bearing 
journals are the larger n^ehined surfaces on 
the stwft. The bmrings are umwUy made of 
bro^e and are bushings rather than split bear- 
irigs^: ^Phe bu^inga:, are lubricated by oil cir- 
culating through drilled passages from the 
crankcase. The str^sel on the camshaft are 



small, ttierifore the biitfii^s are hot adjustable 
and. require {Ittle attention. The camshaft 
bushings are generally replaced /^en the 1 
engine requires a complete overhfllff 

FOLLOWERS, -Cimslmft followers firigsi. 
13-24 and 13^25) a^e^he parti of the vUve- 
acti^ttog mechanism tmit contact the cami^aft. 
You \rtll probably hei).r them called toIv© tappets 
or valve lifters. In th^pL^headengtaethefoUQW- 
ers directly contact ttie end of the valve stem 
and have an adjusting device in them. In the 
overfawtf-^mive^igtee^ the fril o wtrs c on tae t t h e 
pushrod that operatf s thm rocker arm« The end 
of the rocker arm opposite the pushrod cop* 
tacts ttie ^Ive stem.fl^e valve adjusting deylce, 
in this casij Is in the rocker arni. 

Many englhes have seU-adjiusting valve 
lifters of th# hydraulic t^e |hit operate at 
Eero elemrance at all times. The operation 'of 
one type of hydraulic valve tappetjnechanlsnl 
is shown in figure 13^26, Oil imdej^ressure is 
forced into the tappet when the valve is closed, 
and this pressure extends the plunger in the 
tappet so that all valve clfarance, or latti|4s 
eliminate. Mien the can^ lobe moves arourid 
under the tappet and starts toraWeit,there' wtti 
hot be any tappet noise. As the lobe startp to 
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Figure 13-26,=-»Operation of a hydraulic valve lifter. 



The gears or sprockets^ as the case maybe, 
of the camshaft and crankshaft are keyed in 
position so that they cannot slip. Since they are 
keyed to their respective shaft they can be 
replaced if they become worn or noisy. 

With directly driven timing gears (fig. 13-27)^ 
one gear uftally has a mark on two adjacent 
teeth and the other^a mark on only one tooth. To 
-time the valves properly, it is necessWy only to 
mesh the gears so that the two marked teeth of 
one gear straddle the single mark^ H tooth of 
the other. 



AUXILIARY ASSEMBLIES 

We have discussed the main parts of the 
eng^e proper; but there are other parts, both 
moving and stationary! that are essential to 
engine operation. They are not built into the 
, engine itself, but, in most cases, are attached 
to the engine block or cylinder head. 

^The fuel system Includes a fuel pump and 
carburetor .mountgd on the engine. In diesel 
engines the fyel injection mechanism replaces 
the carburetor. An electrical system is provided 
to supply power for starting the engine and also 
for ignition during operation. An efficient cooU 
Ing system is necessary for operating an 
internal combustion engine. In water-cooled 
engines a water pump and fan are used^ while 



in air=cooled engines a blower isgenerally^e 
to force cool air around the engine cylinders. 

In addition, an exhaust system is provided to 
carry away the burned gases exhausted from the 
engine cyllnOTrs. -These systems will not be 
discussed in this course, Jiowever. For further 
information on them refer to NavPers 10644D, 
Constructio|i Mechanic 3 & 2. 



ALiQN TIMINO MARNS 
WHEN ir^TALUrNG 
TIM I NO ^ARS 




129 



81.69 

Figure 13-27. — Timing gears and their markings. 

i3r 



CHAPTER 14 



POWER TRAINS 



In chapter 13 we saw how a combination of 
le machines and basic mechanisms were 
utilised in constructing the Internal combustion 
engine. In this chapter we will go on from there 
to learn how the power developed by the engine 
is transmitted to perform the work required of 
it. To illustrate this, we will use the power train 
system as used t|ie automobile, and most 
trucks, as a familiar example; In this applica- 
tion, once again you are to look for the simple 
machines that make up each of the machines or 
mechanisms*which are interconnected to make up 

the power train. ^ 

f 

In a vehicle, the mechanism that transmits 
the power of the engine to the wheels and/or 
tracks and accessory equipment is called the 
power train. In a simple situation, a set of 
gears or a chain and sprocket could perform 
this task, but automotive and conBtruotion ve- 
hicles are not usually designed for such simple 
opermting conditions; They are designed to 
have great pulling power ^ to move at high speeds, 
to travel In reverse as well as forward^ and to 
operate. on rough terrain as well as smooth roads. 
To meet these widely varying demands, a number 
of units have been added to the vehicles. 

Automobilts and light trucks driven by the 
two rear wheels have a power train consisting 
of clutch, transmission, propeller Ihaft, dlf» 
ferentlal, and arivli^ axles (fig. 14-1). 

In 4- and 6-wheel drive trucks, you will find 
transfer cases with additional drive shafts 
and live axles. Tractors, shovels, cranes, and 
other heavy-duty vehicles that move on tracks 
also have similar power trains. In addition to 
assemblies that drive sprockets to move the 
traces, these vehicles also have auxiliary trans- 
mission^ or power takeoff units which may be 
used to operate accessory attachments. The 
propteller shafts and clutch assemblies of these 
power trains are very much like those used to 
drive th^^wheels. 



THE dLUTCH 

The clutch is placed in the power train of 
motorized equipment for two purposes: 

First, it provides a means of disconnecting' 
the power of the ermine from the driving wheels 
and accessory equipment. When the clutch is 
disengaged, the engine can run without driving 
the vehicle or operating the accessories. 

Second, when the vehicle is started, the clutch 
allows the engine to take up the load of driving 
the vehicle or accessoriei gradually and without 
shock. 

Clutches are located in the power train 
between the source of power and the operating 
unit. Usually, they are placed between the 
engine and the transmission assembly, as shown 
in figure 14-L ^ 

Clutches generally transmit power from the 
clutch driving member to the driven member 
by friction. In the plate clutch, figure 14-2 
the drivii^ member or plate, which is secured 
to the engine flywheel, is gradually brought In 
contact with" the driven member (disc). The 
contact is made and held by itrong spring pres- 
sure controU^ by the driver with the clutch 
pedal. With only a light spring pressure, there 
is little friction between the two members and 
the clutch is permitted to slip. As the spring 
pressure Increases, friction also increased, and 
less slippage occurs. Whan ttie driver removes 
his foot from the clutch pedal and full spring 
pressure is applied, the speed of the drivlBg 
plate and drivendlsclsthe same, and all slipping 
stops. There is then a direct connection between 
the drivii^ and driven shafts. 

In most clutches, there is a direct mechanical 
linkage between the clutch pedal and tht clutch 
release yoke lever. On many late model ve- 
hicles, and on some of the larger units isiilch 
require great pressure to release the spring, a 
hydraulic ' clutch release system Is used. A 
master cylinder (fig. 14-3), similar to the brake 
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Figure 14-1.— Type of power transmission. 



masttr cylinder, is attached to the clutch pedaL 
A cylinder, similar to a single-acting brake 
wheel cylinder^ is connected to the master 
cylinder by flexible pressure hose or metal 
tubing (fig. 14-3). The slave cylinder is con- 
nected to the clutch release yoke lever. Move- 
meat of the clutch pedal actuates the clutch 
tnaater cylinder* This movement is transferred 



by hydraulic pressure to the slave cylinder, 
which in turn actuates the clutch release yoke 

lever. ^ 

TYPES OF CLUTCHES 

There are various types of clutches. The 
type most used in passenger cars and light 
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Figure 14-2. -Exploded and cross-section view of a plate clutch. 
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Figure H-sXMaster cylindai^ slave cylinder and connections tor standard hydraulic clutch. 



trucks is the previously-mentioned plate clutch. (pressure) plate. The driven member consists 

The plate clutch is a simple clutch with three of a single disk, splined to the clutch shaft and 

plates one of whlch^ is elamped between the faced on both sides with friction materiaL When 

other two. Exploded and cross-sectional views the clutch fs. fully engaged, the driven disc is 

of to plate clutch are shown in figure 14-2, firiuly claniped between the flywheel and the 

driving plate by pressure of the clutch springs, 

Single Disk Clutch forming a direct, nonslippihg connection between 

" " 4 the driving and driven members of the dlutch. 

The driving members of the single disk In this position, the driven disc rotates the clutch 

. clutch consist of the flywiieel and the' driving shaft to which it is splined. The clutch shaft is 
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connected to the driving wheels through the 
tranimlselm, prc^tUer shmftj final driv#, dif- 
ferentlalj and live axles. 

The double disk clutch (fig. 14-4) is aub= 
stantially the same as the single plate disk 
clutch except that another driven disk and inter- 
mediate driving plate Is added. 

Multiple Disk Clutch 

A multiple disk clutch Is one having more 
than three plates or disks. Some have as 
many as 11 driving plate^ and 10 driven disks. 
Because the multiple disk type has a greater 
frictlonal area than a plate clutch, it is best 
suited as a steering clutch on crawler type 
tractors. The multiple disk clutch is sometimes 
used on heavy trucks. In operation, it is very 
much like the plate clutch and' has the same 
release mechanism. The facings^ however, are 
usually attached to the driving plates rather than 
to the driven disks. This reduces the weight of 
the driven disks and keeps them from spinning 
after the clutch is released. 



You may ^un into other types of friction 
clutches such as Uie lidDrlcated plate clutch and 
the cone clutch. These ty^es are seldom used 
on autnmotive equipment. However, fluid drive 
is largely replacing the^ friction clutches in 
automobilea and light trucks, and even in some 
tractors. 

For information on fluid drives (automatic 
transmissions), refer to Construction Mechanic 
3 & 2, NavPers 10644-D, chapter 11. 



TRANSMISSION 

The transmission is part of the power train. 
It consists of a metal case filled with gears 
(fig, 14-5), and is usually located in the rear 
of the ei^ine between the clutch housing and the 
propeller shaft, as shown in figure 14-1. The 
transmission transfers engine power from the 
clutch shaft to the prop^eller shaft, and allows 
the driver or operator to control the power 
and speed of the vehicle. The transmission 
shown in figure 14-5 and 14-6 is a sliding 
gear transmission. Many late model trucks 
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Figurt 14^§.-»Four^spted truek transmisiion. 



Sl.ltl 



eiflitr. coMtant me A or synehromesh 
trttEUimissiOQi (ej^latned later). Howayer, the 
pHnaiples of opermtioii and gear ratios are ttie 
aamt, 

A rtYiaw of obik^er 6 of Mis book will help 
you to undei^litaiid the tran^missiona and power 
tra&Mer EMobmnlims described in this chapter. 

FOUR-^llD TRUCK THANaMISSION 

The gtar Aift It^er positions shown in the 
isydi inset in flfUfe 14-6 are typical of most 
fbur-^pMd truck tmnmsissions. niegear shifts 
ing Iwmr^ shoim at A, B, C, and E in ttie iU 
lustratibni movM the portion of thetwoidiifting 
forks ii^ieh slide m separate shafts secured in 
the transmission ease amer. Follow the separate 
diaptims to iMra wt^K tidces place in shiftily 
from one speed to anotMrp For enmplep as you 
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move the top of tte gmr shift lerer toward the 
for^rd left poaitionp the lower arm of the lever 
moves in the opposite direction to shift the gears* 
The fulcrum of this lever is in ttietraAsmlsslm 

cover* 

In lifting transmlsslm gmrs it is neces- 
sary to use ttie cltitch to disetl^e the engine. 
Improper use ot the clut^ eause^tte gmrs 
to clash| ai^ may ^m^e them by bmUng the 
gear teetti. A broken tooth or piece ol^etal 
can wedge HtseU between two moving ^ars and 
ruin the entire trans^sslon assembly. 

When you shift from nwtral to first or 
low speed (A of fig. 14^6), the smallest counter- 
^aft g^r ei^ages with the largeftsUdii^gMr. 
Low gear moves the truck at tts lowest speed 
and ma^mum power* "nie arrow tadioates the 
flow of power from the clutch Aaft to the propel- 
Itr shaft. 
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Figure IS^jl*— Inti^t and iAau^ wmUoMs. 



U mttaahdd to tbt block on L^hwd en- 
aad to ttit tide of the eylindai* head on 
■Mil TiVrg iigiiiti £tg. 13-11 j 
^ gMOllM wgtiiMf smooth and violent 
4IPH^ p^teraanot dipeadfl largely on Pettier 
Ql> Ml ttit fiid^air atatarefl ^t enter ea^ 
IS^BStSM^ I^M wMsrm qualltyp aid 

di«M ol^raiKirt&ttlmri^e inside mUe of the 
sniMWI sNtirt b« inbotti to otter little A^ruc* 
fRtt fit^^M^^^ n^ymire. The 

:_LJMJiiiiiii ^M itoifiMifte prtvent aoUectlngof fuel 
at flwVMto 111 tt« 

ghoiAd be aa short and 
Id te reduoe the ehuaes ^ 

^_„__i »• oartwetor and cylta- 

siiriiit tai mporlsUlon of fyel, some^ 
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tiMt«i^hot ^d^urt gases. 



The priae^ Mttowrwiwrts of an e^lne 
; 1BT0 )wlbMn«|?Uita«d. IMgatfEetsCflg. 13^12) 

*. ^^^^^^ ? 




that serve as seals between these paMs In 
semtAyi retire as much attention durt^ 
sembly as any otter pirt. It is Impraetlci 
machine surtaces so ttat ffi# Ift togittl 
fdrm a ptrfeet smI. The gasketa make a i 
ttat Is air, wter, or oil t^ht; thertf orti i 
pr^erly to^iUedythtypre^tirtlossof conap: 
gion» coolantp or l^rtcut, 

MOVINO PARTS OF AN SNOINl . 

The moTtag parts oi m serve an 

portal fanctlon la turning bMt energy Ui|6 
ctUAtcal mergyini7furi^V(m^ 
motim Into rotary mcttontTheprtolpalmc 
parts art tte plstM aMenAly» cmnietbig i 
ci^k^aft assenUy (teludea flrAetA 
Tibratloa d amia Ba r ) » i^aniihifti Mtam 
gBkr tnlh. 

The bur^v tte futf -air n^ai^ire wlttl 
cylii^er eserts a preswre oil tte pMcnip 
% putfili^ It doim to tee cyltoder. The actl< 
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ghtft g ii^Q revtrsa. NtVir attempt to shift Into 
revtrse until the forward motion of the vehicle 
has been completely stopped. 

In F of figure 14*6, you can see how the idler 
gear fits tato the transmission gear train. In E 
Qi figure 14'-6, you can ite what happens v^eti 
you shift into reverse. An additional shifting fork 
is contacted by the shift lever in the far right 
position. When the shift to reverse is completed, 
this fork moVes the idling gear into mesh with the 
small counterihaft gtar and the large sliding 
gear at the iame-time. The small arrows in 
the inset ihow how^^e. engine power flows 
tiirough the transmiSBiln to move the propeller 
shaft and the wheels m a reverse direction. 

The dlfltrent combination of gearSfin the 
transmission case makes it possible to change 
the vehicle speed while the engine speed re- 
mains the same. It is all a matter of gear 
ratios. That is, having large gears drive small 
gears, and small gears drive large gears. If a 
gear with 100 teeth drives a gear with 25 teethj 
thf small gear will travel four times as fast as 
the large one. You have stepped up the speed. 
Now, let the small gear drive the large gear, 
and the large gear will make one revolution for 
every four of the small gear. You have re- 
duced speed, and the ratio of gear reduction is 
4 to L 

.In the truck transmission just ctescribed, the 
gear reduction in low gear is 7 to 1 from the 
engine to the propeller shaft. In high gear the 
ratio is 1 to 1, and the propeller shaft turns at 
the same speed as the engine. This holds true 
for most transmissions. The second and third 
speed positions provide intermediate gegir re- 
ductions between low and high. IThf gear rttio 
in second speed is 3,48 to 1, and in third is lyll 
to 1> The gear r^^ction or gear ratio in reverse 
is about Uie same as it is in low gear, ^.and the 
propeller shaft makes one revolution tfot every 
seven revolutions of the engine. 

All transmissions do not have four ^speeds 
forward, and the gear reductions at the varrious 
speeds are not necesSliriiy^ |he same. 
senger cars, for example, usually hav^^n^J 
three forward speeds %nd one reverse speed.v 
Their gear;Aatios are about 3 to 1 in both lo^v"; 
and reverse gear combinations. Vou muft ^e-^ 
member, the gear reduction in the transmission 
is only between the engine and the propeller 
shaft. Another reduct^A gear ratio is provided 
in the rear axle assembly. If you have a common 
rear axle ratio of about 4 to 1, the gear reduc= 
tion from the engine of''«' passenger car to the 



rial* wheels in low gear would be approximately 
12 to 1. In high gear the ratio would be 4 to k 
as there would be no reduction of speed in th^ 
transmission. 

CONSTANT MESH TRANSMISSION 

To eliminate the noise developed in the old- 
type spur-tooth gears used in the sliding gear 
transmission, the automotive manufacturers de- * 
veloped the constant-mesh transmission which 
contains helical gears. 

In this type of transmission certain counter- 
shaft gears are constantly in mesh with the 
main shaft gears. The main shaft meshinggears 
are arranged so that they cannot move endwise. 
They are supported by roller bearings so that 
they can rotate independently of the main shaft 
(figs. 14-7 and 14-8). 

In operation, ^en the shift lever is moved 
to third, the third and fourth shifter fork 
moves the clutch gear (A, fig. 14-8) toward 
the third speed gear (D, fig. 14=8). This en- 
gages the external teeth of the clutch gear with 
the internal teeth of the third speed gear. Since 
the third speed gear is rotating with the rotating 
countershaft gear, the clutch gear must also ro- 
tate. The clutch gear is splined to the main 
shaft, and therefore the main shaft rotates with 
the rlutch gear. This principle is carried out 
when the shift lever moves from one speed to the 
next. 

Constant-mesh gears are seldom used for 
all speeds. Common practice is to use such gears 
for the higher gears, with sliding gears for 
first and reverse speeds, or for reverse only. 
When the shift is made to first or reverse, the 
first and reverse sliding gear is moved to the 
left on the main- shaft. The inner teeth of the 
Riding gear mesh with the main shaft first gear. 

S^N©HHOMESH TRANSMISSION 

: transmission is a type of 

: c^hstarii^^esh transmission that permits gears 
. to be B#l#Jted without clashing, by synchronizing 
^ s^^i^ of mating parts before they engage. 
: j^^^$i^B|J^s a combination metal- to- metal fric- 
ttori cone clutch and a dog or gear positive clutch 
Jto engage the main drive gear and second- speed 
main shaft gear with the transmission main shaft. 
The friction cone clutch engages first, bringir^ 
the driving and driven members to the same 
speed, after which the dog clutch engages easily 
without clashing. This process is accomplished 
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YOiCi 
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COUNTltSHAFT FRO«T liARIN© ^ TRANSMISSION CASE COUNTIRSHAFT MAIN SHAFT 

FlgUM 14-7.--Constant-meBh transmission assembly- sectional view. 
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Figure 14^8.'^Disa8sembl^ main shaft aieembly. 



In one continuous operation when the driver 
deelutcbM and moves tht control lever in the 
usual mannar^ The caistruction of synchro- 
nxtA transmlMlons vmrtts some'«*at with dif- 
fartnt manulac^rersi but the principle is the 
same In all. 

The congtruction of a popular synchromesh 
elutch is shown In figure 14-9. The driving 
member consists of a slidhig gear splinedtothe 
transmission main shi^ with bronEe internal 
cones on each side. It Is surrounded by a sliding 
sleeve teivlng intemal teeth that are meshed 
with the external te^Ui of the sliding gear. The 
^idl^ sleeve is groOTed around the outside to 
receive the Aift ^tk. BUl sprlng^lraded balls 
in radially-drillid holes in the gMr fit into an 
IntemU groove in the sliding sleeve and prevent 
it from movi^ endwise relative to the gear 
until the latter . j reaeh^ tte mdof its travel. 
The drtven members are Ae main drive gea^r 
and second- speed smtai sh^ gear, eachof ^^ich 
has external @Qtaes and eternal teeth machined 
on its sides to engaf e the tntenml ernes of the 
sliding gear and the Intemal teeft of the sliding 
sleeve* 



1 



|The synchromesh clut|^h opeimtesasfoUows: 
wh^ the transmissim control lever is moved 
by ttie driver to tee teird- speed or cUpect-drlve 
positlmi, tile ^iftltoriE moves tt» rt l^tog gea r and 
sliding sleeve forward as aimlttmtUtheinteriml 
cone on the sliding gear engages tte estermd 
cone on the main drive gear, lliis actton brings 
the two gears to tee * same ^eed and stops 
endwise travel of tee slidl^ gMr. The didlng 
sleeve then slides over the baUs and sUently 
engages me eirternalteete on tee main drive gear^ 
locking the noaln drive gear and jferansmisiMon 
main shaft togeteer as Aown iff figure 14^8. 
^^en the transmission control lever is shifted 
to the second^speedpositionptee AktUiggMr and 
sleeve move rean^ird and tee same artton takes 
placei loc^ng tee transmission mUn irtiaft to 
tee second^speed main shsA grar. ^e ^ichro* 
mesh clutch is not applied to flrrt apeed or to 
reverse. Firirt speed is ei^aged hf u ordhtery 
dog cltitdh i\^en constant mmsh is employ ed| or 
by a gliding gear; reverse Js always opiged by 
means of a sliding gMr. Figure 14-10 Acms a 
cross section of a syMhromeA transmission 
ich uses constant^mesh heUdd gmrs for tee 
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Figyre i4^9.-Synchromesh clutch-diati^aged and engaged. 



^rM formrd spdeda and a sliding spurgear for 

Some transmissions are controlled by a 
statring column control lever (fig. 14-11). The 
positlDns for tot various speeds are the same 
as toose for tiie vertical control lever except 
that thJ^wir Is horizontaL The shifter forks 
art pivoted on beUcrai&s which are turned by a 
mmrim c^umn COTtrol levar through the llnl^e 
shown. The poppets showft In figure 14-10 en-^ 
gage notches at th© inn^pd of each bell crank. 
Other types of iiynchroffl&h transmlisions con- 
trolled by steertag eelunan levers have shifter 
shafts and forks moved by a llitoge similar to 
those used wfto a vertical control lever. 

AUXIUARY TRANSB4ISSION 

The austUlary trotamlMion allows a rattier 
smaU engine to move hea% loads intrucks^by 
Increasing the englne'to-axle gear ratios. The 
auidliary tMnsmisslon provides a link hi the 



power trains of construction yehicles to divert 
ermine power to drive 4 and 6 wheels,^ and also 
to operate accessory equipment ttirough trans- 
fer casts and power takeoff units, (See fig, 

14-12). ^ , ' ^ 

Trucks require a greater englne-to-axie 

gear ratio thin passenger cars, particul^ly 
^en manufacturers put the same engine in both 
types of equipment. Jn a truck, ttie auxUUry 
transmission doubles the mechanical advan- 
tage. It is connected to the rear of the main 
transmission by a short propeUer itaft and 
universal Jotot. Its weight is supported m a 
frame cross-member as show in f^re 14-12. 
The Illustration also shows how the lifting 
lever would e^end into the driver's compart- 
ment nfear the Itver operating the main trans- 
ifelssion* 

In appearance and in operation, aiMllary 
transmissions are similar to main transmis- 
sions, except that some may have two ai^ iome 
three speeds (low, direct and overdrlve)M 
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Figure 14-1 0.^%nchrDmesh transmits 

TRAl^SrER CASES 

. Transftr caias are placed in the power 
trains of vehlclei driven by all wheels. Their 
purpose is to pr^JHde the necessary offsets for 
aditfttonal propeller shaft connections to drive 
the irtiiela. ; 

Transfer caies in haaviitr vehicles have two 
speed" positldns aid a declutching device for 
disc(rai€otb^ the front driving ^^eels. Two 
spMd tran^tr cases like the ipne shown in fig^ 
ure 14- 13 serve also as aiij^ia^ transmissions. 

Soma trmnsftr cases art quite complicated, 
Whta W^i&f Imve ^eed clupiM^ gears, declutch- 
ing dei^ees, and attaqhm^f s lor three or more 
propaUer AaftSp tiiey are even larger than the 
^Joii^ transmission. A cross section of a com- 
mon type of two^speed transfer case is tfio^ 
In flgyre 14-14. Compare ijt with the actual in- 
stollatlon in flpire 14-13. • ; J^l; 

The depl^tohing mMhanismj ,fo^.. the front 
wheels 
clutch. 




consists of a sliding sleeve spline 
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lion arranged for steering column control^ ' 

This same type of transfer case is used for 
a 6^ wheel drive vahiclt/ The additicHial pro- 
peller shaft connects the drive shaft of the 
transfer case to the rearmost aide assembly* 
It Is connected to the transfer case trough the 
transmission brake drum. 

Some transfer cases contain an overrunning 
sprag unit (or units) on the front output shaft* 
(A sprag unit is a form of overrunning clutch; 
power can^ be transmitted through it in one dl- 
rectlOT but not in<tQ« ottier.) 

On tttse ui^itgMe transfer is designed to 
drive the front axle sightly slower than the 
rear a?de. During normal operation, when both 
front and rear ¥^eels turn at the same ^peedp 
orUy the rear ^eels drive the vehicle* How- 
ever, if the rear wheels should lose traction and 
begin to slip, they tend to turn foster than Uit 
front wheels. As this happensi tiie sprag unit 
autpmatically engages so that the front wheels 
also drive the vehicle* The ^rag unit simply 
provides^ an automatic means of engagii^ ttie 
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Figure 14-1 1.- St e 



erihg column transmlsaiori 
ever and linkage. 



front vi*ee]a in drive ^enever ^diyonal trac* 
tlvt effort lajrtq^lred. There irf two types of 
spraf-unit-e^ipped transfers, a single- iprag- 
unit tranafer and a double- spr#^-unit transfer. 
Essentially^ both types work tn the same man- 
ner. - _ * ; ■■ ■■ 

POWER TAKEOFFS . > ^ ' 

Power taktotfs are attachments In the power 
train for power to' drive aiDEiliary accessories, 
Tftey are attkchM to the transmission, auxil-» 
iary transmission, or transfir qagd. A common 
type of power takeoff is the single- geSr, single^ 
speed type shown in figure"^ 14-16, This unit is 
bolted to an opening providjed ta the side of the 
transmission case as shown In fipire 14-12, 
The sliding gear of the pow#r takeoff will then 
mesh with the transmission eQuntershaft gear. 
The operator can move a shifter shaft control 
lever to slide the gear in and out of mesh with 
the counter shaft gear. The spring-ldaded ball 
holds the shifter shaft in position. 

On some vehteles you will find power take- 
off units with gear arrangements that will give 
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Figure 14-12. —Auxiliary transnilsiion power takeoff driving winch. 
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rigi4re 14-13.-Transfer case installed in a drive truck. 



two speeds forward and one in reverse. Sev- 
eral forward ipeeds and a reverse gear ar^ 
rangemerit are usually' provided in power take-, 
off units whleh operate winches and hoists. 
Their optTatloh is about the same as the single 
units. * 



- . PROPELLER SHAFT 

ASSEMBLIES 

The propeller shaft assembly consiits of a 
propeUer shaftj a slip joint, and one or more 
universal joints. This .%ssenibly proVid#s a.^ 
flexible 6c«nf ctlon through which power is 
transmltttd frcrm toe transmission to the live 
a^les* 

' the propeller shaft may be solid or tubular. 
A solid slmft is somewhat stronger than a hol- 
low or tubular shaft of the same diametfer, but 
a hojlow shaft Is stronger than a solid shaft of 
the same weight. Solid shafts are gefler^lly 
used inside of a shaft housing toat en^loseg the 
entire propener sKaft . assembly. These are 
called tor£p4t tube drivf §1 ^ i. 

A slip Joint* is provided at one^ end of the 
propelltr shaft to take care of end play. The 
driving axle, being attached to the springs, is 



free to mbve iip and down ^ile the transmis- 
sion is attached to the frame and cannot move* 
Any upward or downward movement of the axltj 
as the springs are flexed, shortens orlei^thens 
the distance between the axle assembly and the 
trinSmlsslon. To compensate for this changing 
distance^ the slip joint is. provided at one end of 
the propeller shaft. ^ 

The usual type of slip joint consists of a 
splined stub shaft, welded to the propeller shaft, 
whwh fits into a splined sleeve in the universal 
joint. cA cross- sectional view of the slip joint 
and universal joint Is shown In figure 14-16. 

A universal joint is a connection between 
two shafts that permits one to drive the other 
at an angle. Passenger vehicles and trucks 
usually have universal Joints at both ends of the 
prbpeller shaft* 

Universal joints are double-hinged with the 
pins of the hinges set at right aisles. They are 
made in many different designs, but they all work 
on the same principle. (See chapter 11.) 



FINAL pRrVES - 

A final drive Is that part of the power train 
that transmits the power delivered through the 



Figure 14^14.»Cros#Mctlon 

^ " " . \ • . 

prdpeller shaft to the drive wheels or sprock- 
tti..^ Bffcause it la encased in the rear axle 
housiiig^ the final drive is usually referred to as 
a part of the rear axlt assembly. It consists of 
two fears ealledt the^ ring gear and pinion* 
These may be spur, fplralj or hyppid beveled 
f 0arSp or wormgears, as illustrated in figure 

14-17. 

*> 

The function of the final drive is to change 
bv 90 degrees the dirtction of the power trans- 
mitted through the propeller shaft to the driving 
axles. It also provWes a fixed reduction be- 
fwt^^^hf speed of TKe propeller ghaff and the 
axle shafts ^nd ^eels. In passenger cars this 
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of a 2->spe^transfer case. 



reduction varies from about S to 1 to 5 to 1, In 
truckSp it can vary from t to 1 as much as 11 

to 1, ' . \ . , ^ 

The gear ratio of a final drive having bevel 
gears is found by dividiij^^lhe nufofcer of teeth 
on the drive gear by the nQmber of teeth on the . 
pinion. In a worm geai* final drive, the gear 
.ratio is found by dividing the number of teeiii on^ 
the gear b^ the numbe^nof threads on the worm. 

Most final drives afre of the gear type. Hy- 
poid gears are used in passei^tr cars and light 
trucks to give more body clearance. They pe^ 
mit the bevel drive pinion -(6 be placed Below ^ 
the center of the bevel drive gearj thereby 





Ftgtire 14-15.£single speed, single gear, power takeoff. 



low€Fii« tte ^proatlltr shaft (spe fig',- 14-17). 
Worm gwrs aUbw a iarfe speed reduction and 
ace used/txtenaively In^ the larg tr trucks. 
Spiral belli gears are similar to hypold geats. 
They are used in botti passenger ca^s and 
ti^ks to »eplace'8^ur geiTSthat are considertd^ 
too noisy.* 
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DH'FERENTIALS * 

The eonitructlon and prlneiplas of operation 
ot the grardlfferentlsni were dfescribed in chapter 
li m this ^olc/W#^H briefli? review som&^p^ 
the high poiiifl oMtot chaptM h#r§^ thfn£0 
on to describe some of the irtorf eommon types 
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of gear dlffertnttals as applied In automobiles 
and truoks. 

The purpoae of the differential is easy to 
tmderitand wh^ you compare a vehicle to a 
company of m6n marching in mass formation* 
When the compan^ makes a turnj the men in the 
inside file must take short stepSj almost mark- 
ing time, while men in the outside file must take 
long steps and walk a greater distance to make 
the turn. When a motor vehicle turns a corner, 
the M^eeli on the outside of the turn must ro- 
tate faster and travel a greater distance than 
the wheels on the inside. This causes no diffi- 
culty for front wheels of the usual passenger 
car -because each '^eel rotates independently 
on o^bsite ends of ^dead axle. However, in 
order to drive the rear wheels at different 
speedSj the differential is needed. It connects 
the individual axle shaft for each wheel to the 
bevel drive gear* ThereforBj) each shaft can 
turn at ^^'diWerent speed and^till be diriven as 
a single unit. Refer to the illustration in fig- 
ure 14-18 is you study the following discussion 
on differential operation. 
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Figure 14-18,— Differential with part nf 
case cut away- 



The differential describid in chapter 11 had 
two Inputs and a iir^le output. The differential as 
used in the automobile, however, has a iii^la 
input and two outputs, the input being Introduced 
from the propsydir shaft, and the outputs going to 
the rear asdes and wheels. In this diicussion,thie 
''spider gears'* are referred to as "differential 
pinionSj^' so donU let this confuse you. 

The"bevel drive pinion, connected to the pro- 
peller shaft, driws the bevel drive gear and the 
differential case to ^^rtiich it is attached. Thel'e- 
forej the entire differential case always rotates 
with the bevel drive gear whenever the propeller 
shaft is transmittiipg rotary' motion. Within the 
case, the differential pinions are free to rotate 
on individual shafts called trunnions, 'ptese 
trunnions are attached to the walls of the dif- 
ferential case, so that whenever the*case is turn- 
ing, the dinerential pinions must revolve--one 
about the other— in the same plane as the bevel 
drive gear. 

The differential pinions mesh with the side 
gears, as did the spider and side gears in the 
differentfal described in chapter IL The axle 
shafts are splined to the side gears and keyed to 
the wheels. Power is transmitted to the axle 
shafts through the differential pinions and the 
side gears. When resistance is equal on each 
rear wheel, the differential pinions, side gears, 
and axlfe shafts all rotate as one unit with the 
bevel drive gear. In this case, there- is no rela- 
tive motion between the pinions and the side' 
gears in the differential case. That is, the 
pinions do not turn on the trunnions, and their 
teeth will not move over the teeth of the side 
gears* 

When thf vehicle turns a corner, one wheel 
must turn faster than the other. The side gear 
driving the outside wheel will run faster than 
the side gear ognnected to the axle shaft of the 
inside wffeeL™^^^cpensate for this difference 
in speed, and u^^BBain in mesh with the two 
side g^earSj the differential pinion^ must then 
turn on the trunnions. The average speed of 
the two side gears, axle shafts, or wheels is 
i^lways equal to the speed of the bevel drive 
gear. 

To overcome the situation where one spin- 
ning wheel might be undesirable, some trucks 
are provided with a^ differential lock. This 
is a Simple dog clutch, controlled manually or 
automatically, which locks bne axle shaft to the 
differential case and bevel /cirive gear. Although 
this device forms a rigid^onnection between the 
two axle shafts and makfcs both wheels rotate at 
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Mmt fipeed. If li usM very llttlt« Tocrafttn 
tfrlYer forges to dlsengagt the lock a^tr 

^iitif tt. There are, however, automatic devleti 
for dohog almost same thing. One of these, 
viAleh Is rather exttnslvaly us^ today, ii the 
hsgh-traetlon dUf erentlaL It ednslsts of a set of 
dttterentlal pinions awdl side gtari ¥^lch have 
fewer teetti and a different tooth form from the 
eonventloiml gearit Figure 14-19 showi a com* 
parlson between these and standard gears. These 
dlfferanAlal pinions and side gwrs depend on a 
variable radius from the center of the differen- 
tial pinion to the pohit ^rtiere It cornea In con- 
tact with the side gear teeth, which Is, In effect, 
a variable laver arm. As long as there Is rela- 

--M¥#^ matlm^elwe^i^the^^^ and side gears, 
the torque Is unevenly divided between the two 
driving shafts and wheels; whereas, with the 
usual differential, the torque Is evenly divided 
at all times. With the hlgh-tractlon differen- 
tial, the torque becomes greater on one wheel 
and less on the other as the pinions move around, 
until both wheels star^ to rotate at the same 
speed. When this occurs^ the relative motion 
between the pinion and side gears stops and the 



torqde on each wheel Is agabt equaL This de- 
vice assists considerably in starttag the vehicle 
or keeping It rolling In cases ^ere one i^eel 
encounters a slippery spot and loses traction 
while the other wheel is on a firm spot and has 
traction*. It will not workg however, v^en one 
wheel loses traction completely. In this respect 
it Is inferior to the differential lock. ' 

With the rio-spln differential ^ig, 14-20). 
one ^«rtleel cannot spin because of loss of tractive 
effort^ and thereby deprive the other M^eel Cfl 
^riving effort. For example, one wheel Is on 
ice and the other wheel is. on dry pavement. 
The ^eel on Ice Is assumM to have no trac- 
tion. However, tiie wheel on dry pavement wlU 

puU to the limit of itp tractional resisted ^ 

the pavement. The wheel on Ice cannot spin be- 
cause wheel speed is governed by the speed of . 
the wheel applying tractive effort. 

The no- spin differential does not contahi 
pinion gears and side gears as does the con- ; 
ventional dltferentiaL Instead, it consists es- , 
sentially of a spider attached to the differential 
drive ring gear through four trunnions, plus two 
driven clutch members with side teeth that are * 




Figure 14- iO,«No ipln differ entlai^-ia^^bdf^ viewi 
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inddkefl by spring preisure with aide tetth 
tj^t spM^fi Two sida members are apllhsd to 
ttie a^M and in turn are splined into the 

drlTtn clutch members. 



AXLES 

A Ut# axle is m% that supports part the 
weight of a vehicle and also drivei the \^eils 
^mDMtid to it. A daad a^e Is one that caries 
part of the weight of a vehicle but does not drive 
the ^eels. The ^eels rotate on the ends of 
the dMd axlf , ^4 
~ UswUyi th# front $Mb of a passanger ear is 

. a dtad asde and the rear axle is a live axle* In 
4-^1vhtel drive vehlolesp both front and gear 
adM are live a^es^ and In 6»^etl drive ve^ 
KiolMf mei are live axles. 'The 
thir4 aaAfi part oi a bogie drive, is joined to 
ttie rtarmoit lude by a trumilon axle. The trun-^ 
nio^ aUe is attached rigidly to the^rame,. Its 

.pwfiMt li lb fi^ the load on the 

rt^r of tte ^diicle to the twd live adea ii^ich it 
oMnectd* ' , 

pPbere are four Q^es of live axles used in 
mUtdimtive and doi^iMtion equipment. They 
juet . plain, neml&oatliig, three-quarter floats 
and full fl^ingt 

tbi^^atn 1)^ :ulf amfl rear 
B^^f Is itfdom used in equipment t^ay. The 



axle ihafta'tn thi||^0semMy arec^^U^nonfloat- 

ing because ^ey &M^^sd|^oii^4iiredll^ 

ings located in ttie^fi^i^i^vind ei^i of the aide 

housing. In addition to tuirirt^' ftf tiif^^ 

shafts carry the #ntire load of iAe* ve^ip)^ on 

their outer ends. Plain axlep also support 

weight of the differential case. 

The semifloating axle (fig; 14«il) that is' 

used on most passenger cars and light trucks 
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F^ure 14-21 .--Semi^dating rea#:%Jde. 
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has its differtntjal cast Independent aup^ 
ported. The differintlal carrier refteves the 
axle shafts from the weight of the differential 
asitmbly and the stresses caused by its oper- 
ation. For this reason the inner, ends of the 
a5de shafts are said to bt floated. The vmeels 
are keybd to outer ends of a^de shafts and the 
outer bearlDf s are between the shafts and the 
housing. The axle shafts therefore must tal^ 
the stresses caused by turning, skiddingj or 
wobbling of the wheels. The axle shaft in a 
semifloating live axle can be removed after the 
wheel hw^been pulled oft. 

The Wxle shafts In a three-quarter floating 
aade (fig) 14- 22)may be removed with the wheels^ 
wbich areskeyed t^ the tapered outer ends of the 
shafts. The inner ends of the shafts are carried 
as in a semifloating axle. The axle housing. 
Instead of the shafts^ carries the weight of the 
vehicle because the wheels are supported by 



bearings on Uie outer ends of the housing. How*; 
ever, axle shafts must take the stresses cai^a^ 
by the turning, skiving, and wobbling Ol^tne. 
wheels. Three-quarter noating axles artpp^ed' 
in some trucks but in very few passenger cars.'/ 
The full floatir^ axle is ua^ in most healry' 
trucks. (See fig. 14-23). These axle shafts mat be, 
removed and replaced without removing the, 
wheels or disturbing the ditterentiaL Each ^&^^tl/ 
is carried on the end of the axle tube On two b^tl; 
bearings or roller bearings and the axle shafts 
are not rigidly connected to the wheels, fht 
wheels are driven through a clutch arrangertxeht 
or flange on the ends of the axle shaft which J^; 
bolted to the outside of the wheel hub. The bolted:' 
connection between axle and wheeldoea ridt rirtik^^ 
this assembly a true full floating axle^ but lieV^r- 
theless, it is called a floating axle. A :trte ft^^^ 
floating axle transmits only turning effort',. .OT 
torque. ; 
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Figure 14-22.— Three-quarter floating rear axle. 
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Fi^ri 14^23, --Full floating/r ear axle. ; / 
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We havf . already studied atveral txamplee 
of complex machines in the prepeding. chapters 
to learn how simple machines an^ basic mechan- 
iami are utilisad in their design. The analog 
computerj of the kindu^^inWoaiMfife^OntTOl^ 
iystemi, is a domplex machine in every sense 
of the word. We will not attempt in this book to 
break down and analyse a complette computer. 
We wlllj however, examine a few of the special 
devices commonly used in computers. These 
devices have come tobe known as basic computer 
mecHanisms. They are^ however, quite complex 
.machines in themselves— as youai soon agree. 
Like the engine, the typewriter^ and the dther 
machines we* ve studied, these mechanisms are 
only combinations of simple machines cleverly 
designed to do a specific kind of work. As beforep 
-» the watchword is Look For the Simple Machines, 

& ■ Q 



. "\ ■-■ . DIFFERENTIALS . ' , . 

he ^ilerentials used in the analog computer 

'are 4ear differentials similar to thosedescribed 
V/i^ thajater 11. They are different from the auto- 

::rrtfi^^ instead of receiving 

v^^ilii^ and delivering two outputs, they 

1 ^^tr^Vt two iriputis and combine them into a single 

;outpytV- M6st pl\the differentials in a computer 
v^Wei- tftW^e smaU/^ averaging about x 21/2"^ 
^i:m^ktf;: ^d we^rf^^ l^gh* loads. Some 

^,n^^u^^p>may h^TO many as 150 gear dif- 
! ^r^taifi in th#lr majrttip . 
;S^\ '^F^uir^-i6Tr^^^ symbol used to 

r;fn^€|i!t# t^ft dilff^eri^ drawings, 
;V ^^e spider, 

^t'^t Jftfi^J^^ represent inputs, 

is output. 

^ / r^'f%u|plf ^;^h^ n^any applica^^ 

^tlftrtS ©t-t^ a computer. 

V ^ih thif -^s^^ being used as an 

^ integral part Of i f&ilowtsp controL Computing 
V'lM^m^ |¥i to drive heavy 



loads. The outputs from such mechanisms often ; 
merely control the action of aervomQtors, The 
motors do the actual driving of the loads to bm^ 
handled, ^The device which makes It possible for^ 
thTcomparative^Jwtf* outp ' 
mechanism to control the action of a servo- 
motor is called a followup control. In this de- , 
victj the differential is used to measure the 
difference, or ^'irror," in position between the 
input and the outputs The input is geared to one 
side of the differ#nliaL The ser^ output Is used 
to do two things: (1) tq poiiUon M^atpver meohr 
anism is being handled,^ aftd^^l^WdrlV^^ other 
side of the ditferentiaf/ f his sedond operation 
is known as the servo *^ response*'' 

When there is a difference between the input 
and the output ^ the spider of the differentiiA 
turns. As this happens, the spider shaft operates 
a set of controls which control the action of the 
servomotor in such a ^vay that the motor drives 
itg . side of the dtfferenttal in a direction op- 
^postte to that taken by thi input. That is, the 
servo always drives to -rlduce the differ^^^ 
error, to zero, . ' . 



LINKAGES fOR ADDING 
AND SUBTRACTING 

Addition of two quantities is performed 
in the linkage mechanism by means of adding 
levers as shown in figure 15-3. In the example 
two quantities, designated X and Y, are to be 
added. Their values are r#«sented by the;' 
movements of the two sllde^tfM, The addioi 
lever is pivoted at its center* toNnother slide 
bar, and its opposite ends a re conne^d through 
links to the X and Y slides. T& illustrate 
the problem, scales showi^ ^ the values of the 
quantities represented by movements of slidts 
have been drawn tn the figure^ and index 
marks are placed on the slides. The units 
on the center scale are half as large as 
le on the other two. 
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Figure 16^1.'-* Hits is the symbol ui^ to indicate 
ttie dUftreiitlcal In achematie drawings. 



If th0 rtlde is held in place and ^.X 
f AiAB is'^faoved, the adding lever pivots aBout 
' its lower end. The center slide^ which Is 
connected to the midpoint of the lever then 
moves half as far as the X slide* If the X 
moveitfent is one unitp the center illde also 
motres ^ilr^mt since the units 'on the center 
scale are half as large^ as those oh the X 
scale, ilmiarlyj movements of the Y slide 
with the X slide held in place add one unit on 
the center scale for each unit movemept of 



Y, At the left of fi^re 18-3, the parts are 
shown in zero positloni wltti the Uiree Indtx 
marks opposite the zero points of tiie scales. 
At tiie right, ttie X slide has been moved one 
unit, and the Y slide has been moved three. 

The center slldt has traveled one unit in 
response to the X- travel and three mo^e in 
response to the Y-traveL and so ^nds at a 
reading of / four. SlmilaWy, for any position 
of the X^and Y rilde^, the reading oh the 
center scali^represents the quantity X plup Yi 

There are^several variations of tt# adding 
lever us^ in computing llntogep but ^i^v 
operating principles are the same, i -- 

MECHAOTGAL mJLTIFLIEilS - - _ _ 



There are two baslqiT'tybes of mechanical 
multipliers— those usii^ irotary gearing and 
those*uii« Unices. 

The rOTary gearing type produces a solution 
thr6^h tiie use of similar triangles. There are 
four types of ro^ry multipliers In use<-» screw, 
rackj sector, and cam. Since they all operate 
in fundamentally the same manner, we will dis- 
cuss the screw type multiplier and th#n Compare 
the other types to it. ' 




Figure 15-2.-Simplified sketch of a foUowup control showing application of k gear 
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Figure i^^3.— Adding lever 
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The screw multiplier, teown In figure 15-4, 
has two inputs ftnd one output. The inputs are 
shaft values which position the input slide and 
input rack. The output appears at the output r^ck 
wM6h positions the output shaft. Thus the output 
8^ valifeis always proportlortal to the product 
of the two inputs. 

One input gearlBg is connected to two long 
screws. These screws pass through the threaded 
sleeve-like ends of the slotted input slidf. As 
^e input gears to the screws are rotated, ^the 
two screws turn to move the slide to the left 
or right. At tiie same time, the othpr input moves 
the input rack up or down, moving, the slotted 
pivot arm around the stationary pm. 



ThB multiplier pin is mounted m the sic 
of the input slide, pivot arms, and output rack, 
connecting all three where tte slots cross. 
As the multtplitr pin moves the input slide and 
Divot arm. It positions the output rack andgear. 

Now. consider the multiplier in the zero 
position shown in figure 15-5. M only the screws 
are rotated, the input slide moves to toe right; 
but it will not affect the output rack. Similarly, 
if only the input rack Is moved up or down from 
the zero position, the output rack wlU be un- 
affected. This is 4 reasonable result, for any 
number multiplied by zero is equal to zero. 

From this we can conclude that both Inputs 
must be remove from the aero position for an 
output. Such a condition is shown in i^^f" . 
15-6 Notice the t*lai«le superimposed on the 
device. The Va^ a represents the amount of 
rack input; The value b represents ttie amoimt 
of slide input. R'ls a fixed distance, since the 
multiplier pin flknnot move and the rack 
travels In a m^hlned guide. 

Because the angles are equal, the triangles 
are almlter . Thus the value of X ean'be deter- 
■piined if thi other values are kno^yn. 

ba» 



(Actually , X s ^ 

This equation shows that the output (X) is 
alvrays proportional to the product of the two 
inputs. The constant value (K) can be com- 
pensated for by the proper choice of 
and output gearing for the multiplier. 
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Figure 15-6.--Screw type multiplier^ 
multiplying positive values. 



multipliers can also determine the product of 
negative values. , ^ 

The rack type multiplier in figure 15-7 
perform^ the same task as the screw type 
multiplier. The differences are that (1) the 
screw input has been replaced with an input 
rackj and (2) the output rack is placed on the 
same side aa the second input rack. 

The sector type, although different in con- 
struction, also employes triangles for the multi= 
plication of the two inputs. A sector type multi- 
plier is /.shown in figure 15-?. One input 
positions t^Le input sector arm ana^e other 
input turns' a large screw that Is mounted on 
the input sector arm.^The bev|l gear turns this 
leaAJifij|W throi^h a unlversfl joint. The use 
of ^^Pmiversal Joint permits the input to 
drlvr^e lead screw as the sector arm changes 
its angular position. Notlcfi that the l^d screw 
drives tht multiplier pin up and down the 
sector arm. Thus ttie position of the input 
sector arm and the position of the multiplier 
on the lead screw rtpresents the two values 
to be niultiplitd. . ' 




INPUT NO. 1 

12,9i 

Figure 15-7.— Rack type multiplier. 

» ■ ' 

A Study of figure 15-9 along with figure ■ 
15-8 will reveal how. the triangles are estSrb- 
llshed. While the sector fype multiplier ^an 
handle both po|ltlve and negative inputs; on 
the input sector arm^ tilt input to the lead 
screw must always, be^ a posltlv^ (Quantity. 

Thij cam computing multiplier is a .^ual 
operation device. It conaputes a functl^ of 
one value on.a qam and multiplies that function 
by a second value. It Is a combination of a cam 
and a rack type multiplier. ^ 
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Figure 15-8.— Sector type multiplier. 
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Figure 15-9.— Multiplying with the sector 
type multiplier. 

A single cam computing multiplier is shown in 
re 15-10. Notice it is like the rack type 
multiplier except that one of the inputs is 
positioned by a cam Instead of a rack. The cam 
follower pin is mounted directly on the multi- 
plier input slide. This cam may be cut to 
compute any desired function of the cam input. 

One input drives the input rack through the 
rack input gear. The other input drives the cam 
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directly. The cam positions the input alldt 
according to the function for ^ich the cam 
vms cut/ Thus the cam output beAomea the 
ilide input. The position of the output** rack 
represents a value which l^ proportioiml to 
the product of the cam output and the rack 
' input, just as in the rack type multiplier. 
A two-cam computlr^ multiplier cQmputes 
the function of both Inputs and multiplies these 
functions together. The output is prdportlonal to 
the product of the functions of the two Inputs, : 
Linkage multipliers of the type described- 
here are used ^en one of the factors Is a con- 
stantj as shown In figure 15-11. In this example 
' we want to transform a movement representing 
the quantity X Into one representing LSXyOne 
end of the multiplying le*r is pivoted on the/fixed 
frame of the computer, as Indicated by the cross- 
hatched circle in the figurfe. 

The input and output links are connected to 
the lever at different points, the connection of 
the output link^ being 1.5 times as far from the 
fixed pivot as the connection of the input linl^. 
' The two scales, shown in figure 15-11 have units 
of the same Size; but because of the differende 
in lever armt, ^ach one-unit movement of the 
input link moves the output linkaunitand a half , 
Then, if the input movement represents the 
quantity X, the output represents 1,5X. 

In many cases the computing problem re- 
quires the multiplication of two variable quan- 
tities. The multiplying levers shovib in figure 
15-11 cannot be used for this purpose* Fipire 
15=12 shows a linkage designed to multiply two 
variables, X M^Y.^The levers AB and ED 
are pivoted or^me fixed structure and are 
connected by llnk#BC and CD, both of which 
have exactly the same length as AB. The X 
input is applied by a link connected at B. The 
Y input is applied by a link connecled at C; 
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Figure 15- 10,-Sir^le cam computing multiplier. 
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Figure 15- 11. --Multiplying lever, 
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Figure 18-1 ft,— Multiplying linkage. 
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and the output--XY is taken' off at D. In the 
position of the links shown in figure 15=12, X 
equal^ two' units, Y equals two units, and XY 
equal Aour. 

This type of linkage in the computer can be 
operated in reverse to serve as a divider in- 
ateid of a multiplier. TWo Inputs are applied 
at the points corresponding to B and D in figure 
15-£2. The output taken off at C then represents 
the input at IWlvlded by the input at B. 

Component solvers are devices that are us^ 
in mechanical computers. The component solver 
takes a vector of a given magnitude and angular 
position, and resolves it into its two rectangular 
components. 

There are several types of component solv= 
ers* However, tiiis discussion will be limitpd 
to the screw type component solver. The device 
consists of a vector gear^ two racks,^ two output 
gears, two taput gears, and a screw and pin as- 
sembly. The speed input gear drives a gea^- train 
which causes^ screw to turn* As the screw 
turns, it drives an assembly carrying the pin, 



^^uigiag ^e Iti^h of the vector ^Ich is 
proportional to the biput eotiipOAintp ludi M r 
(iUuit ra^t). (See figure 16-13J 

In this ^pe of compoiieht solvelp, the pin i 
can. travel nearly tlje- full widtti of tte vf otor 
gear. From the pln^i lero or center position 
it can be moved In aittitr of two dlrectioivs, 
^ich correipond io poiitive^or ntgative* 

The vector iiv^t iW^ drivei tte veetorgear 
in the desired angular direction Indicating tar* 
get position. The pin posl^oni ttie racks as 
'it moves along ttie slot, thus resolvtag the 
vector into its components. 

Ah angle reiolvtr is a lintoge mechanism 
Y^ich cpmputes the Wn© and coslni btm angle. 
Figure ISp^lM ^o^w m. a Ogte _ 
slstinff of 'geav H with two ajRank pini M and N, 
mounted 90^ apart and equidistant from the center 
of the fear. Attached to each QtMk pin is an 
output llnk^ich tMnsmits the horteontal' com* 
ponent of* mojion ot the pin as the gear rotates* 
The horizontal component of thedisplaeem^tof 
pui M is proportional to the slni of the ffflgle 
through ^ich gear H Rotates i The *hori2^te^ 
comporient of pin N is proportional to the cpsine. 
of tiie angle thrwigh ^^ich gear H rotates. 

Figure 15-lffi shows the resolver in its 
zero position, with th6 radius OM perpendicular; 
to the horizontal centflu line and the radius ON : 
in the horizontal center line, 'Notice that link 
(slnt output) is at zero horizontal displacement^ 
and that link S (cosine output) is at maximum 
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Figure 15-13.— Screw type component solver. * 
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bbriz^tatid di^taoiimrat. If we rdtmted gtar H 
^iookwtst f|i70u^h an ugle 30'', liiik H would move 
to the ri^t ucl Unk S to the left mlong ttia hori^ 
lontal cmtmr line. The linear di^lacement of the 
oii^pirt lUkm woul^ be proportiQnal to the sine 
and doslne fdnetlott of ttie an^t. 

\The outputs of the resolver of figure I5il4 
are onl^ .approximatt. values/ This is bet|||^ye 
ttiB ouiput llnka are not parallel tothehoriiOTtal 
center line. The output Itoks have a slight angu- 
lar movement that must be compensated, for to 
elimtoate distortion. This is accpmpliihed by 
additional gear Ing^ and by maklt^ the pins M and 
N eccentric. 

IntfgratorSp as tiaed in computers^ perform 
a-^eetel t^e of ^multipU^ation. In, trie disc^type 
inte^atbr, illustrated in figure 15-15, a con- 
stantly changing value, such as time^ is myltl- 
plied by a variable such as ran^e rafe, such as 
ra^^e (the rate that a 'target ra^e is opening 
or clostag), the output being % continuous value 
of their product which can be accumulated as 
sh^ I'otetion. fli ' 

The instrument consists of a flat Ocular ' 
disc revolved at constant speed by a motor 
equipped with a clock escapementj a carriagej 
containing two balls driven b^ friction with the 
surface of the disc, and thems5^«s driving an 
output roller; and suitable shafts and gears for 
transmrssion of values to and from the unit. 
Rotation of the disc rotates the lower ballj 
which turns the upper ball, and this in turn 
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Hguiie.l^l4,--BaaM iWag^^ngle resolver 



rotates the Output roller, f hebaUs a^e supported 
in a movable carriage so that the point o4 contact 
between the lower ball and the disc can be 
shifted along a dirffeeter from the centfer of the ^ 
disc to either edge. Spring tension on the roller 
provides sufficient pressure to#f event slipping, j 
Two balls are used to reApe the sliding ■ 
frtction that results ^^^en only one is used. 

The speed of roller orotation depends upoi^J 
speed at which the balls rotate. If thi carriage 
Ifi in the center of the disc, rto motion is im- 
parted to *the roller. As the carriage is moved 
off center, t^ balls will begin to rotate, and will 
reach their niaximum speed ^t the edge of the 
disc. The speed varies with the distance of the 
carriage from the canter. Valuea of rotiition 
on one side of center are considered poiitiV8| 
while if the carriage is movefl to the opposite 
side, rotation will be in the Opposite direction 
and will give negative output valuls. 

SUMMARY 

Of the many ex'istipg complex machines to 
choose, from, 3mu have been given onl^a few 
examples to study, The OF)erational^pr4nclples 
of some Of them may havp comefto you quite 
easily— others may have been a bit harder \o 
grasp. In any case, if yo'u*ll keep firmly in mina 
the followli^ points t^at have been brought out 
in this book— you'll find all machines much 
easier to analyze and understand. 

A machine is any device that helps ypu do 
work. It helps you by changing motion, 
magnitude, ^r speed of the effort you 
apply. 

All machines consist of one or more of the 
six basic, or simple machines. These are 
the lever, the block and tackle, the ^eel 
and axle, the inclined plane, the scitew, 
and gears. 

When machines give a mechanical advantage 
of more than one, t^ey multiply the force 
of your efforts Wheri they give a mechan- 
ical advantage pf less than one, they mul- 
tiply either the motion, or the speed of the 
force you apply. ' ' \ ^■ 

No machine is 100 perceot efficient. Some of 
your etfort is always used to overcome 
friction. You always do morf work on the 
i^chine than it does m the load/ 

You can figure out how any complex machine 
works by breaking it down into the simple 
machines irom which it is made, and 
following the action through, step by step. 
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Accumulator J ^ ' ^ 
Anchor , winch, 36, 38 
Antomobila valve gear, 36 
Axles used in power trains^ 



148, 149^ 



f Balancing moments of fotce, 18 
Ballast tank, 67r, 68 
^11 bfarinfeSj 71, 73 , 
Barometer, 54-57,. 
Bearings, 69-73 

Beftdtx-Wtiss universal joint, 79 
Bevel gear, 31 
Bevel gear differential, 75 
Block and tackle j 10-15, 41 

apl^lications afloat and ashore, 

chain hoist, 15 

flaghoisfj 10 

gun tackle j 11 

luff tackle, 11 

luff u^n luff, 13, 14 ^ _ 
mechanical advantage , 10,15 
-runner, 10 

yard and stay tackle, 13 
Bourdon gage, 53 
uJBrakes, 28, 63 

friction, 28 - 

hydraulic, 63 
Breech, 16-inch gun, 7 

Cams, 85 

Cam and cam followerB, 80=8^2 
Cam -driven valve, 36 
i_ Cam shaft; 36 

of a 4-stroke cycle engine, 127 
Capstan bar, 17, 18 
Chain hoist, 15 
Chain stopper, 8 
Qjockwise moments of force, 
Clutches, 8^ 86, 130-133 

power train, 130-133 
Combustion engine^ 106-129 
basic strokes, 108 
classification of, 113 
construction of, 115-129 
auxiliary assemblies, 129 
connecting rods, 123 
crankcase, 117 
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crai^sh^, 124 
cylinder Head, ^7 
engine cylinder bloq^^ 115 
engine head, 126 >^ 
exhaust manifold, 118 
^ gaskets, 11^ ^ 
* intake manifold, 118 
^ moving ^rts, 119-129' ^ ^ 

piston assembly, ^J.20 
^ Btatioimry ^rts, 115-119 ^ 

timing gears, 128 
4 valves and valvfe mechanisms, 126- 

*' ^ vibration ^mper, 125 * 

cycles, 109-112 r ^ . 

developftient of power, 106 
dlesel ei^ines, 114 
gasolinc^ngirles,' 114 
multlpl^l^Vlinder Bn|inee, 112 
on^^cyliiider engine, 106-112 
Complex macMnes,^ 17-105 

computer mechanisms, 15€*157 
fuel-oil- hatch, cover, 87 
pjorthole closer -blanket pu" 
87, 88 *^ - ' 
tvpewriter, 89-105 
watertight door, 88 ^ ^ 
Computer mechanisms 5' 15tJ^157> 
differentiate? 150-151 . 
linkages for adding and subtrtictin# 
150-156 ^ 

adding lever, 152 , 
^ angle resolver, 156 ^ 
component solver! k55 
integrators, 156 
multipliers, 151-156^^ 
, ij^uWfiplyln§ linkage, 155 
^ - screw type multipliers, 155 

If Constant mesh transmission, l36 

^ Counterclockwise moments of force^lft 

Couple, 20 
Couplings, 78-84 
Crane, electric, 7 

Curvfed lever arms, 5 ' ; 

Cylinders used in power trains, 131 . 

Deep-sea diver, 60 
Depth change, 59 
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Diesel englnej 106, 114^ 
Differentials, gear, 144-148 
Dogs, 7 
DrlUj^ass, 9 

Electoic crane,* % 

External combusffon engine, 106, 107 
External mesh geari, 35 

Final drives, 142 
Flaghoist, 10 

FluidB, pressure. exerted by^'52 
Force and pressure, » 50=57 
^ foree, measurenaent of, 50 

pressure, measurenaent of, 50-56 

Arometers, 54-56 ' , 

exerted by fluids, 52 

^ges, 53 

mariometery 56 

scales, 50, 51 
Four-speed truck transmission, 133 
Frictioft|f 40, 42-45 
Friction brake, 28 
Fuel=oil-ha#ch cover , 87 
^ Fularunv IT, 19-21 

Gages used to measure pressure, 53 

Gangplank, 24 

Gasoline engine, 106, 114 

Gear mfferentlal, 74-78, 144=148 

used in automobiles and triirkSj 144-148 
Gears^ JO-38 
, anchor winch, 36, 38 
* autorngbile valve gear, 36 

cam-driven valve, 36 

cam shaft, 3^^ 'r'l 

changing speed, 34 * 

external mifeh gears, 35 

idler gear, 35 

internal gear , 31 

magnifying force with, 35 

pinion gear, 30 

rack and pinion ae a steeri^ 
mechanism, 37 - 
^ spur gear, 30 

types of, |0-34 

wopa gaars, 32 ^ 
Gearirains, 128 
Gun tecklet 11 



Hydraulie machines, 62-68 

advantages of, 63 

brakes, 63 

liquids in motion,* 62 

Pascal's law, 62 

press, 64 

steering with, 65 

used on submarines, 66 
Hydraulic valve lifter, 127 
Hydrostatic machines, 58-61 

Idler gear, 35 
Iiicilned plane, 23-26 

applications afloat and ashore, 24 

barrel role, 23 

gangplank, 24 

in spiral form, 26 

ramp, 23 

wedge, 23 ^ 
Internal combustion engines, 106-129 

basic strokes, 108 

classifica^on of, 113 

constructiAi of, 115-129 
auxiliary asseniblies, 129 
connecting rods"^, 123 
crankcase, 117 
crankshaft, 124 
cylinder head, 117 
engine cylinder block, 115 
engine head, 126 
exhaust madjfold, 118 
gaskets, 119^ 
intake manifold, 118 
moving ^rt5, 119-129 
piston assembly, 120 
stationary parts, 115-119 . 
timing gears, 128 
valves and valve meclmnlsms, 
vibration damper, 125 
Ii^ternal gear, 31 



Jack, 41 

Jack screw, 26^ 27 
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Helical gears, 30 
Herrm^one gears, 31 
fHook^oint,^9 
Horsepower, 46-48 
f 
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Levers, 1--9 ^ 

chain stopper, 8 
classes of, 2 
curved JLever arm, 
dogs, T 
drill press, 9 
electric crane, 7* 
oars, 2 

pellclLn hook, 8 
wrecking bar, 7 
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Linkages, 78 
Lufftackltj 11 

Kbehine alements and tesic mech^ismSj 
69-86 

basic mechanisms, 74 
bearings* 69=73 

ball bearingSj 73 
cams, 80-82, 85 

■ and cam followers, 80-82 
clutches, 82, 86 
couplings, 78-84 
gear ^fferentiali 74-78 
linkages* 78 

racUal-thrust roller bearing, 73 

springs, 71-74 

types of, 74 
\ iiniversal joints, 79-81 
^jtbmeter, 56 
Micrometer J 27 
Moment of force, 17, 20 
Multiple 'Cylinder engines, 112 

Oars, 2 

Oldham coupling, 78, 80 
One -cylinder , engine J 106 

Pelican hook, 8 
Pinion geai', 30 
Pointei 's handw heels 21 
Power*. 46-57 

^Iculation of, 46-48 

horsepower, 46 

mOtqr, 48 

Prony brake, 48 
Power tekeoffS, 141 
Wwer trains, 130-149 

axtes, 148, 149 

clutch, 130-133 

differentials, 144-148 
r final drives, 142-144 

Joints* 142,145 

propeller shaft assemblies, 142 

bransfer'^cases, 140-142 

b^ansmission, 133-139 
Measure and the deep sea 

diver, 60 
Pressure* measurement of, 

Imlanc^es, 50, 52 

barometers, 54-56 

exerted by fluids, 52 

gages, 53 

m^Ometer, 56 

scales, 50, 51 
prony brake, 48 
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50-56 



Quadrant davit* 29 

Rack an4pinion, 37 
Radial- thrust roller bearing, 71, 73 
Rampj 23 
Rigger's vise, 28 
„ Roller bearing* 71, 73 
Roller bitt, 43 
Runner, 10 

Scales* 50, 51 

Schrader gage, 53 

Screw applications, 26-29 

friction brake, 28 

inclined plane in spiral form, 26 

jack screw, 26, 27 

mechanical advantage of, 29 

micrometer, 26 

quadrant davit, 29 

rigger's vise, 28 

turnbuCkle, 28 
Sleeve coupling* 78 
Spider gearsj 76 
Spiral bevel gearSj 144 
Springs, 71-74 
Spur gears J 30 
Steam engine^ 106 
Synchromesh clutch^ 138 
Synchromesh transmission, 136 
* 

Timing gears in engineSj 128 
TorpedOj 60 
Torque, 17^ 21| 22 

wrench, 21 
Transfer cases, 140-142 
Truck transmission, 133 
TurnbuCkle, 28 
Typewriter, 89-105 ^ 

tmckspace, 96 

bell ringer, 102 ^ 

construction and operation, 90 

escapement, 92 

external parts, 89 

line lock, 102 

line s^ce, 103 

pinion stop slide, 103-105 

ribbon drive, 93-96 

shift, 98j 101, 102 

mbulator, 96-99 

type tar, 93 

Universal joints, 79-81 
Valve lifters, 127 

Valves and valve mechanisms, engine, 126- 
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DTOEX 
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Watertight dtoor, 88 
Wed^e, 23 

Wheel and axle, 16-25 

balancing moments of forcei 18 
caps^n bar, 17, 18 
cloclwlBe moment^ of force, 19 
counterclockwise moments of 

force, 19 
couple, 20 

fulcrum, 17, 19, 20, 21 
mechanical advantage, 16 
pomter '8 handwheel, 21 
rotetion, 17 ^ 



torque, 17, 21, 22 
wrench, 21 
Work, friction, and efficiency, 39-45 
block and teckle, 41 
friction, 42-45 ^ 
jack, 41 

measurement of, 39=41 

roller bitt, 43 
Worm and worm wheel, 32 
Worm gear, 32 
Wrecking bar, 7 

Yard and stoy tackle, 13 
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